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(57) ABSTRACT 

For a write operation, a Synchronous Semiconductor 
memory device in a single-data-rate SDRAM operation 
mode Selects a memory cell column in accordance with a 
column Select Signal produced from a write clock produced 
in Synchronization with an external clock signal without 
shifting the write clock. In a double-data-rate SDRAM 
operation mode, the Synchronous Semiconductor memory 
device Selects the memory cell column in accordance with 
the column Select Signal produced from the write clock 
produced in Synchronization with the external clock signal 
and shifted by selected clocks. 
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SYNCHRONOUS SEMCONDUCTOR 
MEMORY DEVICE ALLOWING CONTROL 
OF OPERATION MODE IN ACCORDANCE 
WITH OPERATION CONDITIONS OF A 

SYSTEM 

RELATED APPLICATIONS 

This application is a Continuation of U.S. Patent Appli 
cation Ser. No. 09/641,901, filed Aug. 18, 2000 now U.S. 
Pat. No. 6,438,066; which is a Divisional of Application Ser. 
No. 09/305,748, filed May 6, 1999, now U.S. Pat. No. 
6,125,078. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Semiconductor memory 
device, and particularly a structure of a data I/O (input/ 
output) portion of a Synchronous Semiconductor memory 
device which operates in Synchronization with an external 
clock signal. 

2. Description of the Background Art 
AS a result of increase in operation speed of micropro 

cessors (which will be referred to as “MPUs” hereinafter) in 
recent years, fast access to DRAM (Dynamic Random 
Access Memory) used as main storage devices has been 
desired or demanded. For meeting Such demands, Synchro 
nous DRAMs (which will be referred to as “SDRAMs” 
hereinafter) or the like operating in Synchronization with 
clock signals have been used. 

The internal operation of the SDRAM or the like is 
divided into a row-related operation and a column-related 
operation for control. 

For allowing further fast operations, the SDRAM has 
employed a bank Structure, in which a memory cell array is 
divided into banks operating independently of each other. In 
this structure, the operation of each bank is divided into a 
row-related operation and a column-related operation which 
are controlled independently of each other. 

However, Some of present Systems require further fast 
operations of the Semiconductor memory devices. 

Meanwhile, Some of other Systems do not require Such 
fast operations. Accordingly, in View of power consumption 
or the like, it is not desirable to use the above SDRAM, 
which is designed for the System requiring the maximum 
operation Speed, for the System allowing a lower operation 
frequency without changing the Specifications for the fastest 
operation. 

In Some Systems, the Synchronous operation of the whole 
System is performed in Such a manner (unidirectional 
manner) that a reference clock signal for Synchronous opera 
tion is issued only from a controller Side. Another manner 
(bidirectional manner) may also be employed, in which case 
Synchronous clock signals are equally distributed to a con 
trol device and a Semiconductor memory device forming the 
System. 

Accordingly, it may be necessary to change the operation 
mode of the SDRAM itself for the faster operations in the 
above two cases in View of an influence of skew in clock 
Signals and others. 

For the above change, different designs may be employed 
for the Specific purposes, respectively. However, this 
increases cost for Such designs and manufacturing. 
AS already described, increase in throughput of the 

DRAM is a major factor in improving the performance of 
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2 
system. For this reason, the SDRAM which performs input/ 
output of data in Synchronization with an externally Supplied 
clock has become mainstream instead of an EDO type which 
is the previous mainstream of DRAMs. 

In this SDRAM type, data, addresses and various com 
mands are Supplied to a chip in Synchronization with rising 
edges of the externally Supplied clock. Also, internal pro 
cessing of the memory chip is partially performed in Syn 
chronization with the clock, and output is performed in 
Synchronization with edges of the external clock. 

However, it has been pointed out that further higher 
throughput is required in Systems used for handling data 
Such as image data at a high Speed. 
As a new input/output method of the DRAM for the above 

purpose, a double-data-rate synchronous DRAM, which will 
be referred to as a “DDR-SDRAM” hereinafter, has been 
proposed. The DDR-SDRAM is externally supplied with a 
Strobe clock for data, and takes in the data in Synchroniza 
tion with both the rising and falling edges. Further, it 
internally produces and Sends a Strobe clock in Synchroni 
Zation with the data output. 
A kind of DDR-SDRAM is shown in a block diagram of 

FIG. 48. FIG. 48 shows data input/output through only one 
data I/O terminal. 

In a data write operation, data which is Supplied from a 
pad 9000 in synchronization with a strobe clock is sent 
through an input buffer to an input register, and is tempo 
rarily held therein. In this operation, data Supplied at the time 
of rising of the clock and data Supplied at the time of falling 
of the clock are held in different input registers 9002 and 
9003. 

Depending on even and odd addresses, an input control 
circuit changes a connection in a connection Switch 9004 
between the data bus and registers. 

After a latency of a data Strobe clock, the data is issued 
onto an internal data bus in Synchronization with the clock. 
The latency of data Strobe is usually equal to two clocks. A 
memory array is divided in accordance with the even and 
odd addresses, and the divided portions receive data from 
the corresponding data buses for Storing the data in the 
corresponding memory cells, respectively. In the operation 
of continuously writing the data, address counters 9006 and 
9007 issue required addresses to the memory arrays. 

In this operation, address counters 9006 and 9007 issue 
different patterns depending on whether the corresponding 
memory array is assigned even addresses or odd addresses. 
A data read operation is performed in accordance with the 

addresses Sent to the memory array from address counters 
9006 and 9007, and data is read from the corresponding 
memory cells onto the data bus. 
An output control circuit 9008 changes the connection 

between the data bus and output registerS depending on 
whether the address is even or odd, and thereby stores the 
data in the corresponding register. In accordance with the 
latency already Set, the output control circuit changes a State 
of a Switch 1012 on the outputside for alternately issuing the 
data latched in output registers 9009 and 9010 in synchro 
nization with the rising and falling edges of the clock. 

According to the above System, it is necessary to prepare 
different chips for the SDRAM of the single data rate type 
(which will be referred to as the “SDR-SDRAM” 
hereinafter) and the DDR-SDRAM due to difference in 
output method, although many similarities exist between 
chip internal operations of these SDRAMs. 

In the operation mode of the DDR-SDRAM described 
above, the data which was written is externally read in the 
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immediately Subsequent read operation in Some cases. In 
this case, an efficiency of data output is low if the operation 
is performed Such that the data which was once written into 
the memory cell array is read out by accessing the memory 
cell in accordance with the externally Supplied address 
Signal. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a Synchronous 
Semiconductor memory device, which allows flexible con 
trol of a margin in chip operation with respect to an external 
clock signal in accordance with requirements by a System. 

Another object of the invention is to provide a Synchro 
nous Semiconductor memory device, which can Selectively 
achieve a single-data-rate SDRAM and a double-data-rate 
SDRAM on the same chip. 

Yet another object of the invention is to provide a syn 
chronous Semiconductor memory device, which can reduce 
a time required between data writing and Subsequent data 
reading, and can increase an operation efficiency without 
requiring increase in chip area. 

In Summary, the invention provides a Synchronous Semi 
conductor memory device for receiving an address Signal 
and a control Signal in Synchronization with an external 
clock signal, including a memory cell array, a first internal 
Synchronous Signal generating circuit, a Second internal 
Synchronous Signal generating circuit, a control Signal input 
circuit, a memory cell Select circuit, a plurality of data I/O 
nodes, an interface circuit, a gate circuit and a write timing 
control circuit. 

The memory cell array has a plurality of memory cells 
arranged in rows and columns. The first internal synchro 
nous Signal generating circuit generates a first internal clock 
Signal Synchronized with the external clock signal and 
having a higher frequency than the external clock signal. 
The Second internal Synchronous signal generating circuit 
generates a Second internal clock Signal Synchronized with 
the external clock signal. 

The control Signal input circuit takes in the address Signal 
and the control Signal in Synchronization with the Second 
internal clock signal. The memory cell Select circuit Selects 
the memory cell in accordance with the address Signal. The 
plurality of data I/O nodes are supplied with write data to be 
written into the memory cells. 

The interface circuit is arranged between the memory 
cells Selected by the memory cell Select circuit and the data 
I/O nodes, and the receives the write data. The interface 
circuit includes a data I/O circuit for receiving the write data 
from each of the plurality of data I/O nodes in synchroni 
Zation with the Second internal clock signal in a first opera 
tion mode, and receiving the write data from each of the 
plurality of data I/O nodes in synchronization with the first 
internal clock signal in a Second operation mode. 

The gate circuit Selectively applies the write data to a 
Selected memory cell column. The writing timing control 
circuit changes timing for activating the gate circuit after the 
control Signal instructs the write operation, depending on 
whether the operation is in the first operation mode or the 
Second operation mode. 

According to another aspect of the invention, a Synchro 
nous Semiconductor memory device for receiving an address 
Signal and a control signal in Synchronization with an 
external clock signal, includes a control circuit, a memory 
cell array, a first internal Synchronous signal generating 
circuit, a control Signal input circuit, a memory cell Select 
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4 
circuit, a plurality of data I/O nodes and a plurality of 
interface circuits. 

The control circuit controls an operation of the Synchro 
nous Semiconductor memory device. The memory cell array 
has a plurality of memory cells arranged in rows and 
columns. 
The first internal Synchronous signal generating circuit 

generates a first internal clock Signal Synchronized with the 
external clock signal. The control Signal input circuit takes 
in the address Signal and the control Signal. The memory cell 
Select circuit Selects the memory cell in accordance with the 
address signal. The plurality of data I/O nodes are Supplied 
with data for transmission to and from the memory cells. 

The plurality of interface circuits are arranged between 
the memory cells Selected by the Select circuit and the data 
I/O nodes for transmitting the write data, respectively. 

Each of the interface circuits includes a first latch circuit, 
a Second latch circuit and a transfer circuit. 

The first latch circuit is controlled by the control circuit to 
receive and hold, in Synchronization with the first internal 
clock signal, the plurality of data Supplied in time Series to 
the corresponding I/O node, and to Send the held data to the 
Selected memory cells as parallel data. 
The second latch circuit is controlled by the control circuit 

to receive and hold the plurality of data read out from the 
Selected memory cells, and to convert the held data into 
time-Series data in Synchronization with the first internal 
clock signal for applying the time-Series data to the corre 
sponding I/O node. 
The transfer circuit is controlled in the write operation by 

the control circuit for transferring the data held in the first 
latch circuit to the Second latch circuit. 
The control circuit converts the data transferred to and 

held in the Second latch circuit into time-Series data in 
Synchronization with the first internal clock signal, and 
applies the time-Series data to the corresponding I/O node 
when the control circuit receives an instruction for the read 
operation and a read address matching with an address 
applied in the immediately preceding read operation or the 
immediately preceding write operation. 

According to Still another aspect of the invention, a 
Synchronous Semiconductor memory device for receiving an 
address signal and a control Signal based on mutually 
complementary first and Second external clock signals 
includes a memory cell array, a control circuit, a memory 
cell Select circuit, a plurality of data I/O nodes and an 
interface circuit. 
The memory cell array has a plurality of memory cells 

arranged in rows and columns. The memory cell array 
includes a plurality of memory cell blockS. 
The control circuit controls an operation of the Synchro 

nous Semiconductor memory device in Synchronization with 
the first and Second external clock signals. 
The memory cell Select circuit is provided correspond 

ingly to each of the memory cell blocks for Selecting the 
plurality of memory cells at a time in accordance with the 
address signal. The plurality of data I/O nodes are Supplied 
with read data from the memory cells. 

The interface circuit is arranged between the memory 
cells Selected by the memory cell Select circuit and the data 
I/O nodes for transmitting the read data. 
The interface circuit includes a plurality of holding circuit 

pairs and a data I/O circuit. 
The plurality of holding circuit pairs are provided corre 

spondingly to the pairs of the memory cell blocks, 
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respectively, and hold the read data read from the plurality 
of memory cells. 

The data I/O circuit applies the read data held in the 
holding circuit pairs alternatively to the corresponding data 
I/O nodes in Synchronization with the activation edges of the 
first and Second external clock signals in a first operation 
mode, and applies the read data held in one of the paired 
holding circuits to the corresponding data I/O node in 
Synchronization with one of the first and Second external 
clock signals in a Second operation mode. 

Accordingly, a major advantage of the invention is that a 
margin in the write operation can be adjusted flexibly in 
accordance with Specifications of a System. 

Another advantage of the invention is that the interface 
circuit operates as a cache memory, and therefore fast 
reading can be performed without requiring increase in chip 
aca. 

Still another advantage of the invention is that a latency 
or a waiting time before Start of the read operation can be 
reduced even when the read operation is to be performed 
immediately after the write operation. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic block diagram showing a structure 
of a synchronous semiconductor memory device 1000 of an 
embodiment 1 of the invention; 

FIG. 2 is a timing chart showing a single-data-rate opera 
tion of SDRAM 1000; 

FIG. 3 is a timing chart Schematically showing a double 
data-rate operation of SDRAM 1000; 

FIG. 4 is a Schematic block diagram showing more 
specifically the structure of SDRAM 1000 shown in FIG. 1; 

FIG. 5 is a Schematic block diagram showing Structures of 
clock trees 170 and 176; 

FIG. 6 conceptually shows a structure for distributing an 
internal clock signal to input terminals in an external control 
Signal input terminal group 10; 

FIG. 7 is a Schematic block diagram showing a structure 
of a row predecoder 36; 

FIG. 8 is a Schematic block diagram showing a structure 
of a column predecoder 34; 

FIG. 9 is a circuit diagram showing a structure of an I/O 
circuit 2000 corresponding to a data I/O terminal DQ0; 

FIG. 10 is a schematic block diagram showing more 
Specifically a structure of an internal clock producing circuit 
1008; 

FIG. 11 is a timing chart showing an operation of a 
synchronous mirror delay circuit 166; 

FIG. 12 is a first Schematic block diagram showing States 
of switching circuits 180–196; 

FIG. 13 is a Second Schematic block diagram showing 
states of Switching circuits 180-196; 

FIG. 14 is a block diagram by way of example arrange 
ment of Sub-I/O line pairs S-I/O and main I/O line pairs 
M-I/O; 

FIG. 15 is a circuit diagram showing a structure of a 
transfer gate portion; 

FIG. 16 is a Schematic block diagram showing a structure 
of a column select timing control circuit 3000; 
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6 
FIG. 17 is a Schematic block diagram showing a structure 

of a data I/O portion 4000; 
FIG. 18 is a circuit diagram showing a structure of a data 

transfer buffer 4020; 
FIG. 19 is a timing chart showing an operation of an 

SDRAM having a cache function; 
FIG. 20 is a timing chart showing a read operation 

performed when cache hit occurs in a cache operation mode, 
FIG. 21 is a Schematic block diagram showing a structure 

of a data I/O portion 5000; 
FIG. 22 is a timing chart showing an operation of an 

SDR-SDRAM; 
FIG. 23 is a timing chart showing an operation of a 

DDR-SDRAM; 
FIG. 24 is a timing chart showing an operation of the 

DDR-SDRAM for performing reading subsequently to writ 
ing; 
FIG.25 is a Schematic block diagram showing a structure 

of a write clock converting circuit 6000; 
FIG. 26 is a Schematic block diagram showing more 

Specifically a structure of a delayed pulse producing circuit 
6200; 

FIG. 27 is a timing chart showing an operation in a 
delayed write mode, 

FIG. 28 is a timing chart showing operations for continu 
ously performing Writing, reading, Writing and precharging; 

FIG. 29 is a timing chart showing operation timing of 
Switches 1 W through 2 Z; 
FIG.30 conceptually shows an example of a first structure 

of a Synchronous Semiconductor memory device which can 
operate with a data rate Switchable between the Single data 
rate and the double data rat; 

FIG. 31 conceptually shows an example of a Second 
Structure of the Synchronous Semiconductor memory device 
which can operate with a data rate Switchable between the 
Single data rate and the double data rat; 

FIG. 32 conceptually shows an example of a third struc 
ture of the Synchronous Semiconductor memory device 
which can operate with a data rate Switchable between the 
Single data rate and the double data rat; 

FIG. 33 conceptually shows a structure for Switching a 
mode register Signal for Setting a burst length; 

FIG. 34 is a Schematic block diagram showing a structure 
of a column address counter in the Synchronous Semicon 
ductor memory device based on the conceptual diagram of 
FIG. 31; 
FIG.35 is a schematic block diagram showing a structure 

of an I/O portion 8000; 
FIG. 36 is a Schematic block diagram showing a structure 

of a data output portion 8400; 
FIG.37 is a schematic block diagram showing a structure 

of a mask clock control circuit 8600; 
FIG.38 is a schematic block diagram showing a structure 

of a write clock control circuit 7000; 
FIG. 39 is a circuit diagram showing a structure of a shift 

circuit 7100; 
FIG. 40 is a circuit diagram showing a structure of a first 

timing control circuit 7300; 
FIG. 41 is a circuit diagram showing a structure of a 

second timing control circuit 7400; 
FIG. 42 is a timing chart showing an operation of the write 

clock control circuit 7000; 
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FIG. 43 conceptually shows a structure of an SDRAM 
which can operate with a Switchable operation mode, 

FIG. 44 is a timing chart showing the operation of the 
SDRAM shown in FIG. 43; 

FIG. 45 is a timing chart showing another manner of 
operation control in the SDR-SDRAM operation mode; 

FIG. 46 is a timing chart showing timing of data output; 
FIG. 47 is a timing chart showing another example of 

timing of data output; and 
FIG. 48 is a block diagram showing by way of example 

a DDR-SDRAM in the prior art. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Embodiment 1 
FIG. 1 is a Schematic block diagram showing a structure 

of a synchronous semiconductor memory device 1000 of an 
embodiment 1 of the invention. 
SDRAM 1000 includes an external clock signal input 

terminal 1002 receiving mutually complementary clock Sig 
nals ext.CLK and ext/CLK which are externally supplied, 
clock input buffers 150 and 152 buffering the clock signals 
supplied to external clock terminal 1002, an internal control 
clock producing circuit 1008 which receives outputs of 
clock buffers 150 and 152, and produces first and second 
internal clock signals int. CLK1 and int.CLK2, and a mode 
decoder 1022 receiving external control Signals, which are 
supplied to external control signal input terminals 1010, 
through input buffers 1012-1020 operating in accordance 
with Second internal clock signal int.CLK2. 

Internal control signal input terminals 1010 receive a 
Signal CKE, a chip Select Signal/CS, a row address Strobe 
Signal /RAS, a column address Strobe Signal /CAS, a write 
enable signal /WE and data mask signals DMO-DM3. 

Signal CKE is a Signal for instructing enabling of input of 
the control Signal to the chip. Unless this signal is activated, 
input of the control Signal is not enabled, and operation as 
the chip does not start. 

Signal /CS is a Signal for determining whether a command 
signal is input or not. While signal /CS is active (“L” level), 
a command is identified in accordance with combinations of 
levels of other control Signals at the rising edge of the clock 
Signal. 

Signal /RAS is a signal for instructing operations of 
row-related circuits, and Signal /CAS is a Signal for instruct 
ing activation of operations of column-related circuits. Sig 
nal /WE is a signal for discrimination between the write 
operation and the read operation. 

Signals DMO-DM3 are signals which instruct masking of 
data transmission to and from data I/O terminals DQ0-DQ7, 
DQ8–DQ15, DQ16-DQ23 and DQ24–DQ31, respectively. 
Mode decoder 1022 issues internal control signals for 

controlling operations of internal circuits of SDRAM 1000 
in accordance with these external control Signals. Mode 
decoder 1022 issues, for example, signal ROWA, COLA, 
ACT, PC, READ, WRITE, APC and SR as the internal 
control signals. Signal ROWA indicates that the row-related 
access is to be performed. Signal COLA indicates that the 
column-related access is to be performed. Signal ACT 
instructs activation of word lines. 

Signal PC instructs the precharge operation, and instructs 
termination of operations of the row-related circuits. Signal 
READ instructs the read operation to the column-related 
circuits, and signal WRITE instructs the write operation to 
the column-related circuits. 

Signal APC instructs an automatic precharge operation. 
When the automatic precharge operation is instructed, the 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
precharge operation automatically start upon ending of a 
burst cycle. Signal SR instructs a Self-refresh operation. 
Upon start of the self-refresh operation, a self-refresh timer 
starts, and the word lines will be activated to start the refresh 
operation upon elapsing of a predetermined time. 
SDRAM 1000 further includes a Self-refresh timer 1054 

which starts the operation when Signal SR instructs the 
Self-refresh mode, and will instruct activation of the word 
lines, i.e., Start of the refresh operation upon elapsing of a 
predetermined time, and a refresh address counter 1056 
which generates the address for the refresh operation in 
accordance with the instruction Sent from Self-refresh timer 
1054. 
SDRAM 1000 further includes a reference potential input 

terminal 1022 receiving a signal VREF, based on which “H” 
and "L' level of the input Signal are determined, a mode 
register 1046 which holds information relating to predeter 
mined operation modes (e.g., data for the burst length, and 
information relating actually designated mode between the 
Single-data-rate operation and the double-data-rate operation 
which will be described later) in accordance with combina 
tions of the foregoing external control Signals and the 
address Signals applied through address Signal input termi 
nals 1030, a row address latch 1048 which receives the 
address Signals through address signal input buffers 
1032-1038 operating in accordance with second internal 
clock signal int. CLK2, and holds the Supplied row address 
in accordance with the timing of input of the row address, a 
column address latch 1050 which receives address signals 
A0-A12, and holds the column address in accordance with 
the timing of input of the column address, a multiplexer 
1058 which receives outputs of refresh address counter 1056 
and row address latch 1048, and makes a selection to select 
the output of row address latch 1048 in the normal operation 
and to select the output of the refresh address counter 1056 
in the self-refresh operation, a row predecoder 1062 which 
receives the output of multiplexer 1058, and predecodes the 
row address, a burst address counter 1060 which produces 
an internal column address in accordance with data of the 
burst length sent from mode register 1046 based on the 
column address held in column address latch 1050, a column 
predecoder 1064 which receives the output of burst address 
counter 1060, and predecodes the corresponding column 
address, a bank address latch 1052 which receives bank 
addresses BAO-BA2 applied to the address input terminals 
through input buffers 1040, 1042 and 1044 operating in 
accordance with internal clock signal int. CLK2, respectively 
and holds the designated band address value, and a bank 
decoder 1066 which receives the output of bank address 
latch 1052, and decodes the bank address. 
The address signal applied to the address Signal input 

terminals 1030 is used when operation mode information is 
written into the mode register, and more Specifically is used 
for writing data into the mode register in accordance with a 
combination of Some bits of the Same. For example, Set 
values of burst length BL and CAS latency CL are deter 
mined in accordance with the combination of a predeter 
mined number of bits of the address Signal. 
Bank address signals BAO-BA2 indicate the access bank 

in each of the row-related and column-related access opera 
tions. More specifically, in each of the row-related and 
column-related access operations, bank address Signals 
BAO-BA2 applied to address signal input terminals 1030 are 
taken into bank address latch 1052, and will be transmitted 
to the respective memory array block (banks) after being 
decoded by bank decoder 1066. 
SDRAM 1000 further includes memory array blocks 

100a–100p operating as banks 0-15, respectively, each of 
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which can perform read/write operations independently of 
the others, row decoders 1102, 1112 and 1122 which select 
the rows (word lines) in the corresponding banks in accor 
dance with the outputs of bank decoder 1066 and row 
predecoder 1062, respectively, column decoder 1104, 1114 
and 1124 which select the columns (bit line pairs) in the 
corresponding banks in accordance with the output of col 
umn predecoder 1064, I/O ports 1106, 1116 and 1126 which 
apply to global I/O bus G-I/O the data read from the selected 
memory cells in the Selected banks during the read 
operation, and apply to the corresponding banks the write 
data transmitted through bus G-I/O during the write 
operation, a data I/O circuit 1086 which holds the externally 
applied write data in the write operation, and holds the read 
data transmitted through bus G-I/O in the read operation, 
and bidirectional I/O buffers 1072-1082 for transmitting I/O 
data DOO-DO31 between data I/O circuit 1086 and data I/O 
terminals 1070. 

Columns decoders 1104, 1114 and 1124 as well as I/O 
ports 1106, 1116 and 1126 operate in synchronization with 
a write clock signal WCLK and a read clock signal RCLK, 
which are produced by a timing control circuit 1090 based 
on terminal clock signal int.CLK2. 

Bidirectional I/O buffers 1072-1082 operated in accor 
dance with the operation mode data held in mode register 
1046 as will be described later. For example, bidirectional 
I/O buffers 1072-1082 operate in accordance with first 
internal clock signal int.CLK1 in the DDR-SDRAM opera 
tion mode, and operate in accordance with Second internal 
clock signal int.CLK2 in the SDR-SDRAM operation mode. 

Signals QS0-QS3, which are transmitted to or from an 
I/O terminal 1068 through a bidirectional I/O buffer 1069, 
are Signals indicating timing of data transmission to and 
from corresponding data I/O terminals DQ0-DQ7, 
DQ8–DQ15, DQ16–DQ23, and DQ24–DQ31, respectively. 

In the SDR-SDRAM operation mode to be described 
later, Signals QS0-QS3 are generally referred to as Signals 
QS. In the DDR-SDRAM operation mode, signals 
QS0-QS3 are generally referred to as signals DOS. 

FIG. 2 is a timing chart showing the Single-data-rate 
operation of SDRAM 1000 shown in FIG. 1. 

FIG. 2 shows the operation in the case where the burst 
length is 8, and the CAS latency of the read operation is 3. 
Write Operation in the SDR-SDRAM Model 
A time to, i.e., at the time of rising of external clock signal 

ext...CLK, signals /CS and /RAS are active (“L” level), and 
the bank address to be activated is designated, whereby the 
operation of the corresponding bank is activated. 

In accordance with the address Signal applied at time t0, 
the corresponding row is Selected. 
At Subsequent time t1, i.e., at the time of rising of external 

clock signal eXt.CLK, the write operation is designated in 
accordance with the active state (“L” level) of signals /CS, 
/CAS and /WE. In accordance with the address signal 
applied at time t1, writing of continuous data (burst write 
operation) is performed. Thus, signal WRITE instructing the 
write operation in SDRAM 1000 becomes active (“H” 
level), and burst address counter 1060 issues an internal 
address ADD(int) corresponding to the designated burst 
length. 

In accordance with this, the write data which is applied to 
data I/O terminal DQ (arbitrary one of data I/O terminals 
1070 will be referred to as “data I/O terminal DO’ 
hereinafter) at time t1 is latched in data I/O circuit 1086 in 
SDRAM 1000, and is transmitted to the selected memory 
array block through global I/O bus G-I/O. 
The write data which is transmitted through an I/O line 

pair M-I/O in the memory array block is transmitted to bit 
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10 
line BL at time t2 in accordance with write clock signal 
WCLK produced in SDRAM 1000 and in response to 
activation of column Select Signal YS corresponding to the 
memory cell column Selected by internal address Signal 
ADD(int). 

In accordance with the above, the data is written into the 
Selected memory cells. 

Thereafter, the data which are Successively applied to data 
I/O terminal DQ at times t3-t9 are likewise written Succes 
Sively into the Selected memory cells. 
Read Operation in SDR-SDRAM Operation Model 
In the read operation, Signals /CS and /RAS are activated 

when external clock signal eXt. CLK rises at time t10, and 
thereby the bank Selected by the bank address Signal is 
activated. 

Further, the row corresponding to the address Signal 
applied at time t10 is selected. 
At Subsequent time t11 of rising of external clock signal 

ext. CLK, the read operation is designated in accordance 
with the active state (“L” level) of signals/CS and/CAS, and 
the column corresponding to the address Signal applied at 
time t11 is Selected. In accordance with the address Signal 
applied at time t11, burst address counter 1060 successively 
outputs the burst addresses corresponding to the designated 
address length of 8. 

In response to read clock signal RCLK produced in 
SDRAM 1000, the corresponding memory cell is selected, 
and the read data is read to data I/O circuit 1086 through I/O 
line pair M-I/O and global I/O bus G-I/O, and is held therein. 
The read data corresponding to the column address applied 
at time t11 is issued to data I/O terminal DO at time t14 after 
three clocks from time t11. 

Thereafter, the data read from burst addresses designated 
by burst address counter 1060 are likewise applied succes 
sively to data I/O terminal DQ at times t15-121 (not shown). 

FIG. 3 is a timing chart Schematically showing the 
double-data-rate operation of SDRAM 1000 shown in FIG. 
1. 

FIG. 3 shows the operation in the case where the burst 
length is 8, and the CAS latency in the read operation is 2. 

In the operation shown in FIG.3, the burst length is 8, and 
the CAS latency in the read operation is 2. The fact that the 
CAS latency is 2 means that the data output starts after two 
clocks from input of the command. 
Write Operation in DDR-SDRAM Model 
Referring to FIG. 3, Activation of the SDRAM is 

instructed in response to the active States of Signals /CS and 
/RAS at time t0, i.e., at the rising edge of external clock 
Signal eXt.CLK. 
At time to, the row address and the bank address are taken 

in, and are held in row address latch 1048 and bank address 
latch 1052, respectively. 

at Subsequent time t1, the write operation is instructed in 
response to the active States of Signals /CS and /CAS at the 
edge of activation of internal clock signal int.CLK. At this 
time, the column address is input, and column address latch 
1050 holds the value thereof. At time this, the operation 
mode of burst write is set, whereby the write operation after 
this cycle will be performed while automatically increment 
ing the column address in SDRAM 1000 by burst address 
counter 1060. 
AS a result of designation of the write operation, Signal 

WRITE, which is a flag signal for instructing the internal 
write operation, changes to the active State. 

Thereafter, the write data is taken in while externally 
changing the write data in Synchronization with Signal DOS 
applied to SDRAM 1000. 
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The data written in serial is converted by data I/O circuit 
1086 into parallel data two bits at a time, and will be written 
into the selected memory cells at times t1-té after time t3. 
Read Operation in DDR-SDRAM Model 
In the read operation, an ACT command for activating the 

word lines are input at time t10 in accordance with the active 
States of Signals /CS and RAS at the rising edge of external 
clock signal eXt. CLK. At this time, the address designating 
the word line is also input. 
At Subsequent time t11, the read operation is designated 

in response to the active States of Signals /CS and /CAS. At 
this time, the column address is designated, and is held in 
column address latch 1050. Based on the column address 
held in column address latch 1050, burst address counter 
1060 produces the internal address. The word lines are 
activated, and data are read two bits at a time in parallel from 
the selected memory cells. The data thus read is amplified by 
Sense amplifiers, and is read out in Synchronization with read 
clock RCLK produced in SDRAM 1000. 

The data which is read two bits at a time in parallel is held 
in data I/O circuit 1086, and is converted into serial data, 
which will be successively sent to data I/O terminal 1070 
from time t13. 

If Setting is already performed for the operation mode of 
burst read, the read operation at and after t14 will be 
performed while internally and automatically incrementing 
the column address. In this read operation, parallel reading 
of two bits and conversion into the Serial data are Succes 
sively performed for sending the data to the data I/O 
terminal. 

At the same time, SDRAM 1000 issues signal DQS in 
synchronization with the data output so that SDRAM 1000 
externally applies timing of data output. 
AS described above, when the column-related access is 

performed, the address signals are taken into column address 
latch 1050. The column address changes at the time of burst 
in an interleaving manner or a Sequential manner. The 
manner to be Selected between these manners is designated 
by a combination of the address Signals, which is Stored as 
operation information in mode register 1046. In accordance 
with the control by mode register 1046, burst address 
counter 1060 operates in different manners. 

In the DDR-SDRAM operation mode, it is necessary to 
output the data two times in one cycle of the external clock 
Signal. Accordingly, the internal circuits operate in the 
DDR-SDRAM operation mode such that two data are read 
from the Selected memory array block in one clock cycle. 
Therefore, the address Signal issued from the burst address 
counter 1060 is required to designate two addresses at one 
time for reading these two data. 

In this case, consideration must be given to the fact that 
intended production of the burst address cannot be per 
formed by merely and Successively incrementing the address 
from the input address because the externally applied col 
umn address is not restricted to the even address or the odd 
address. 

For example, it is assumed that “1” is externally Supplied 
as the column address Signal. In this case, the internal 
column address to be generated correspondingly thereto is 
(1, 2) in the Sequential mode, and is (1,0) in the interleave 
mode. 

Accordingly, a location where the column Selection is 
performed (i.e., the column for which column select signal 
is activated) with the even address is different from a 
location where the column Selection is performed with an 
odd address paired with the even address. 

In SDRAM 1000, therefore, each memory cell array block 
is divided into a region corresponding to the even addresses 
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and a region corresponding to the odd addresses, and the 
decoder for the column Select Signals corresponding to the 
even addresses is separated from the decoder for the column 
Select Signals corresponding to the odd addresses for inde 
pendent operations. 

For example, memory cell array bank 0 is divided into a 
region 1100a corresponding to the even addresses and a 
region 1100b corresponding to the odd addresses. 

In View of the above, the foregoing write and read 
operations in the DDR-SDRAM operation mode can also be 
considered as follows. 
The address signal in the first column access cycle is 

transmitted to column predecoder 1064 while keeping the 
externally input value. 

In the next burst cycle, the Signal is transmitted to 
column-related predecoder 1064 after being subjected to the 
processing corresponding to the address counter for the even 
address and the address counter for the odd address. 
When the device operates as the DDR-SDRAM, the data 

input operation is performed in Synchronization with the 
externally supplied DOS clock in the case of the bidirec 
tional Synchronization (i.e., in the mode which will be 
referred to as the “bidirectional mode” hereinafter) as 
described before. 
The data output operation is performed in Synchronization 

with the Synchronous clock which is produced in internal 
control clock producing circuit 1008 in SDRAM 1000. 

In the write operation, the command and the first address 
are initially input. The data is input with double the fre 
quency of the external clock in accordance with timing 
Slightly delayed from the input of these command and first 
address. Although there is a slight delay from the external 
clock, this delay does not cause a problem if the operation 
of receiving the data is performed in accordance with timing 
determined by the externally supplied DOS clock. 
When input of the write command is recognized, mode 

decoder 1022 activates write flag WRITE, and internal 
control clock generating circuit 1008 generates write clock 
Signal WCLK correspondingly to internal clock signal 
int.CLK2. Since the data is input with a slight delay, Signal 
YS controlling the column Select operation must be corre 
spondingly delayed. 

In FIG. 3, signal YS is activated with a phase delayed 
from the external clock signal by about two clock signals in 
View of a certain margin. The write data is taken into data 
I/O circuit 1086 through data I/O terminal 1070 in synchro 
nization with internal clock signal int.CLK1 having double 
the frequency of the external clock Signal. The write data 
thus taken is transmitted two bits (for the even address and 
the odd address) at a time through global I/O bus G-I/O and 
an array of main I/O line pairs M-I/O in synchronization 
with write clock signal WCLK. In response to activation of 
the column Select Signal for the predetermined column in the 
Selected memory array block, the data is written into the 
memory cells through the Selected bit line pair. In and after 
the Second acceSS operation in the burst cycle, burst address 
counter 1060 issues the internal column address signal 
which varies in accordance with the type of burst, and the 
write data is Successively written two bits at a time in 
accordance with write clock signal WCLK. 

In the read operation, the command and the first address 
are input, and mode decoder 1022 recognizes the input of 
read command So that mode decoder 1022 activates read flag 
READ. Thereby, read clock signal RCLK is issued in 
response to internal clock Signal int.CLK2 having the same 
frequency as the external clock signal produced from inter 
nal control clock producing circuit 1008. In accordance with 
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read clock Signal RCLK, column Select signal TS is 
activated, and two bits of the data (for the even address 
group and the odd address group) are simultaneously read 
from the Sense amplifiers. 

The data of two bits thus read is transmitted, as the read 
data, to data I/O circuit 1068 through main I/O line pair 
M-I/O and global I/O bus B-I/O, and is latched therein. In 
data I/O circuit 1086, the read data of two bits which is input 
in parallel is Subjected to Serial conversion, and then is 
issued from internal control clock producing circuit 1008 in 
Synchronization with internal clock signal int.CLK1, which 
varies with double the frequency of the external clock signal, 
and in accordance with clock timing slightly earlier than 
timing of the CAS latency. 

In and after the Second acceSS operation in the burst cycle, 
burst address counter 1060 issues the internal column 
address Signal which changes in accordance with the type of 
the burst address. In accordance with this, the read data is 
Successively read out from the memory cell block (bank) 
Selected in accordance with the read clock signal RCLK. 

FIG. 4 is a Schematic block diagram showing more 
specifically the structure of SDRAM 1000 shown in FIG. 1. 

Referring to FIG. 4, SDRAM 1000 includes a control 
circuit 20 which receives external control signals/RAS, 
/CAS, /WE, /CS and others through external control signal 
input terminal group 10, and decodes them to generate the 
internal control signals CMD, command data buses 53a and 
53b which transmit the internal control signals sent from 
control circuit 20, and a memory cell array 100 having 
memory cells arranged in rows and columns. 

The memory cell array 100 is divided into memory cell 
blocks 100a–100b of 16 in total number as shown in FIG. 4. 
For example, if SDRAM 1000 has a storage capacity of 1 
Gbits, each memory cell block has a capacity of 64 Mbits. 
Each block has a structure allowing independent operation 
as a bank. 
SDRAM 1000 further includes internal control clock 

producing circuit 1008, which receives mutually comple 
mentary external clock Signals ext. CLK and ?ext. CLK 
applied through clock signal input terminals 16a and 16b, 
and Starts the Synchronizing operation to issue internal clock 
signals int.CLK1 and int.CLK2 under the control by control 
circuit 20. 

External address signals AO-Ai (i: natural number) 
applied through an address Signal input terminal group 12 
are taken into SDRAM 1000 in synchronization with second 
internal clock signal int. CLK2 under the control by control 
circuit 20. 

Data of a predetermined number of bits among external 
address Signals AO-Ai is applied to a bank decoder 22 
through an address bus 51a. From bank decoder 22, decoded 
bank addresses B0-B7 are transmitted through address 
buses 51b and 51c to each bank. 

Other external address Signals applied to address Signal 
input terminal group 12 are transmitted to address driverS 52 
through address buses 50a and 50b. From address driver 52, 
the address signals are transmitted to the respective banks 
(memory cell blocks) through an address bus 50c. 
SDRAM 1000 further includes row predecoders 36, 

which are provided correspondingly to pairs of the memory 
cell blocks, respectively, and perform latching and prede 
coding of the row addresses transmitted through address bus 
50c under the control by control circuit 20, row decoders 44 
for Selecting the rows (word lines) in the memory cell blocks 
which are selected based on the outputs of row precoders 36, 
column predecoderS 34 which are provided correspondingly 
to the memory cell blocks, respectively, and perform latch 
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14 
ing and predecoding of the column addresses transmitted 
through address bus 50c under the control by control circuit 
20, column predecoder lines 40 which transmit the outputs 
of predecoderS 34, respectively, and column decoderS 42 
which Select the columns (bit line pairs) in the Selected 
memory cell blockS based on the outputs from column 
predecoder lines 40. 
SDRAM 1000 is provided with data I/O terminals 

DQ0-DQ15 and DQ16-DQ31 arranged in regions, 
respectively, which extend through a central area of the chip 
along its long Side, and are located outside the region 
including external control Signal input terminal group 10 and 
address Signal input terminal group 12, I/O buffer circuits 
14a–14f which are provided correspondingly to data I/O 
terminals DQ0-DQ31, respectively, data buses 54 for trans 
mitting the data between the I/O buffers and the correspond 
ing memory cell blocks, and read/write amplifiers 38 which 
are arranged correspondingly to memory cell blocks 
100a–100b, respectively, for transmitting the data between 
data buses 54 and the selected memory cell columns. 

Each of I/O buffer circuits 14a–14f has a structure similar 
to that of the data I/O buffer of the embodiment 1, and 
transmits the data to and from memory cells 100 through 
data I/O circuit 1086 (not shown in FIG. 4) having a similar 
structure to that of the embodiment 1. 

Signal /RAS applied to external control signal input 
terminal group 10 is a row address Strobe Signal, which Starts 
the internal operation of Synchronous Semiconductor 
memory device 1000, and determines the active period of 
the internal operation. In accordance with activation of 
Signal /RAS, the circuits Such as row decoder 44, which are 
related to the operation of Selecting the row in memory cell 
array 100, are activated. 

Signal /CAS applied to external control signal input 
terminal group 10 is a column address Strobe Signal, and 
activates the circuits provided for Selecting the column in 
memory cell array 100. 

Signal /CS applied to external control Signal input termi 
nal group 10 is a chip Select Signal indicating the fact that 
SDRAM 1000 is to be selected. Signal /WE is a signal 
instructing the write operation of SDRAM 1000. 
The operations of receiving signals /CS, /RAS, /CAS and 

/WE are performed in synchronization with internal clock 
Signal int. CLK2. 
The operation of receiving the address Signal applied to 

address signal input terminal group 12 is performed in 
Synchronization with the Second internal clock signal. 

Transmission of the data through data I/O terminals 
DQ0-DQ31 is performed in synchronization with first or 
Second internal clock Signal int.CLK1 or int. CLK2 depend 
ing on whether the operation is in the SDR-SDRAM opera 
tion mode or the DDR-SDRAM operation mode. Further, 
the operation of receiving data may be performed in Syn 
chronization with externally SuppliedSignal DOS depending 
on the operation mode. 

FIG. 5 is a Schematic block diagram showing Structures of 
clock trees 170 and 176. 

Clock tree 170 governing the data output has the follow 
ing Structure. A Synchronous mirror delay circuit 166 
receives complementary external clock signals ext. CLK and 
?ext. CLK, and issueS clock signal int.CLK1, which has 
double the frequency of external clock Signal eXt.CLK, to 
clock tree 170. In clock tree 170, clock signal int.CLK thus 
Supplied is Successively divided into two in a tree form by 
a clock tree 168 which ultimately issues sixteen divided 
internal clock signals. These divided internal clock signal 
are distributed to corresponding data I/O terminals 
DO0-DO7 and DO8-DO15. 
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Further, the divided signals are also distributed to data 
Strobe terminals QS through the dummy delay circuit having 
the same delay time. In the case where data Strobe terminal 
OS is located near data I/O terminal DO0 or DO15, it is 
possible to ignore a difference in phase between the clock 
Signal applied to the foregoing data I/O terminal and the 
clock signal applied to the DOS Signal I/O terminal. 
Therefore, the structure for the above dummy circuit can be 
eliminated. The data output operation can be controlled in 
accordance with internal clock Signal int.CLK1 thus distrib 
uted. 

Description will now be given on the Structure of clock 
tree 176, which distributes the clocks when the data input is 
performed in the bidirectional mode or the like. 

Clock tree 176 includes elements 1762–1774 which 
receive externally Supplied Signal DQS0 and are arranged 
Such that they can transmit the Signals to respective I/O 
terminals with an equal delay, respectively. More 
Specifically, element 1762 having a large delay control 
amount is arranged on the distribution path nearest to DOS 
signal input terminal QS0, and other elements 1764-1774 
are arranged to provide the delay control amounts in the 
descending order. Signal DOS0 is supplied through delay 
elements 1762-1774 to the corresponding data I/O termi 
nals. 

In the structure shown in FIG. 5, signal DOS0 is trans 
mitted to data I/O terminals DQ0-DQ7 through a bus 302. 
Signal DQS0 transmitted through bus 302 is applied to 
corresponding data I/O terminal DQ0 through buffer circuit 
304 and delay element 1762 having the largest delay 
amount. 

Signal DQS0 is also transmitted to data I/O terminals 
DO1-DQ7 through the delay elements having delay 
amounts in the descending order, respectively. 
The externally supplied signal DOS1 is distributed to data 

I/O terminals DQ8-DQ15 through a similar structure. 
FIG. 6 conceptually shows a structure for distributing 

Second internal clock signal int. CLK2 to the input terminals 
of external control Signal input terminal group 10 in 
SDRAM 1000 shown in FIG. 4. 

Referring to FIG. 6, external clock signals ext. CLK and 
?ext. CLK applied to the clock input terminal are Sent to 
internal control clock producing circuit 1008 through buffer 
circuits 150 and 152, respectively. 

Internal clock Signal int.CLK2 issued from internal con 
trol clock producing circuit 1008 is first applied to buffer 
circuit 70. 

The output of buffer circuit 70 is divided into two, which 
are applied to buffer circuits 72a and 72b, respectively. 
The output of buffer circuit 72a is further divided into 

two, which are applied to buffer circuits 74a and 74b, 
respectively. 

The output of buffer circuit 72b is further divided into 
two, which are applied to buffer circuits 74c and 74d, 
respectively. 

Each of the outputs of buffer circuits 74a, 74b, 74c and 
74d is further divided into two, which are applied to corre 
sponding buffer circuits 76a and 76b, 76c and 76d, 76e and 
76f, and 76g and 76h, respectively. 

Thus, the output of buffer circuit 70 is successively 
divided into two to produce ultimately eight clock signals. 
The eight clock Signals are applied to interconnections 
78a–78h, respectively. The operation of receiving the exter 
nal control Signal Sent from external control Signal input 
terminal group 10 is performed in Synchronization with the 
clock signals which are Supplied from ends of interconnec 
tions 78a–78b, respectively. 
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The clock signal sent from the end of interconnection 78h 

is applied to internal control clock producing circuit 1008 
through a replica buffer circuit 62 and a delay control circuit 
64. Internal control clock producing circuit 1008 produces 
Second internal clock signal int.CLK2 in Synchronization 
with the output of delay control circuit 64 and the phase of 
external clock signal ext.CLK sent from buffer circuit 150. 
ASSuming that delay control circuit 64 is not present, 

buffer circuit 150 and replica buffer circuit 62 have similar 
Structures. Therefore, control or adjustment is performed 
Such that external clock signal eXt.CLK applied to buffer 
circuit 150 has the phase equal to that of the clock signal on 
interconnection 78h applied to replica buffer circuit 62. In 
this structure, the phase of the clock Signal on interconnec 
tion 78h is equal to those of the clock signals on other 
interconnections 78a–78g. 

Thus, the operation of receiving the external control 
Signal is performed in Synchronization with external clock 
Signal eXt.CLK. 
The delay control circuit 64 is provided for the following 

reason. Since the amplitude level of external clock signal 
ext. CLK as well as a ratio of its active period with respect 
to the period of the clock signal and others are different from 
those of internal clock Signal int.CLK. Therefore, adjust 
ment or control of them is required. Delay control circuit 64 
is performed for this purpose. 

In FIG. 6, description has been given on the structure for 
distributing internal clock signal int.CLK2 to external con 
trol signal input terminal group 10. A similar structure is 
provided correspondingly to address signal input terminal 
group 12. Owing to the Similar structure, the operation of 
receiving the address signal is performed in Synchronization 
with external clock signal ext,CLK. 

FIG. 7 is a Schematic block diagram showing the Structure 
of row predecoder 36. 
Column address bus 53b transmits signals. Such as a Signal 

Row instructing activation of operations of the row-related 
circuits, a Signal Clm instructing activation of operations of 
the column-related circuits, a Signal ACT instructing acti 
Vation of operations of the internal circuits, a signal PC 
instructing reset (precharge) of the bank, a signal AP indi 
cating precharge of all the banks, a Signal EQ which instructs 
releasing of equalizing of the bit lines and others as well as 
an operation for isolating the unused bit lines from the Sense 
amplifiers, a signal RXT instructing activation of the word 
lines, and Signal SE instructing activation of the Sense 
amplifier. 
Bank address bus 51c transmit bank address signals 

B0-B7 decoded by bank decoder 22. Address bus 50c 
transmits the address Signal Sent from address driver 52. 
When bit data (e.g., B7) in the bank address signal 

becomes active and Signal Row becomes active, AND 
circuit 203 issues the active Signal, and thereby a one-shot 
pulse generating circuit 204 issues an active one-shot pulse. 

In response to the above, a driver circuit 206 is activated 
to receive the level of signal ACT, and this level is held in 
a level holding circuit 208. 

Likewise, a driver circuit 210 is activated to receive the 
level of Signal PC in response to the Signal Sent from 
one-shot pulse generating circuit 204, and a level holding 
circuit 212 holds the received level. A one-shot pulse gen 
erating circuit 214 issues a reset Signal RST to level holding 
circuit 208. Inverter 220 is activated to receive and issue 
Signal EQ in accordance with the output Signal Sent from 
level holding circuit 208. An NOR circuit 222 receives 
Signal APC and the Signal Sent from one-shot pulse gener 
ating circuit 214, and issues a result of logical NOR between 
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them. A flip-flop circuit 224 is Set in accordance with the 
output of inverter 220, and is reset in accordance with the 
output of NOR circuit 222. A driver circuit 226, which is 
activated in accordance with a hierarchical power Supply 
control signal SCRC to be described later, receives and 
outputs the output of flip-flop circuit 224. The output level 
of driver circuit 226 is held by a level holding circuit 228. 
The output level of level holding circuit 228 is applied, as a 
Signal I.EQ, to the corresponding memory cell block. 

Likewise, a flip-flop circuit 234 is Set by an output of an 
inverter 230, which is activated in accordance with the 
Signal Sent from level holding circuit 208 and receives as an 
input, a level of a signal RXT transmitted through command 
data bus 53b. Flip-flop circuit 234 is reset by an output of an 
NOR circuit 232, which receives the output of one-shot 
pulse generating circuit 214 and Signal APC transmitted 
through command data bus 53b. 
A driver circuit 236 receives the output of flip-flop circuit 

234, and is activated by hierarchical power Supply control 
signal SCRC. The output level of driver circuit 236 is held 
by a level holding circuit 238, and the output level of level 
holding circuit 238 is issued, as a signal I.RXT, to the 
corresponding memory cell block. 
A flip-flop circuit 244 receiving a Signal SE transmitted 

through command data bus 53b is set by the output of 
inverter 240, which is activated in accordance with the 
output level of level holding circuit 208, and is reset in 
accordance with the output of an NOR circuit 242 receiving 
the output signal of one-shot pulse generating circuit 214 
and the level of signal APC transmitted through command 
bus 53b. A driver circuit 246 receives the output of flip-flop 
circuit 244, and is activated by hierarchical power Supply 
control signal SCRC. The output level of driver circuit 246 
is held by level holding circuit 244, and the output level of 
level holding circuit 244 is applied, as a signal I.SE, to the 
corresponding memory cell block. 

Latch circuit 250 is reset in accordance with activation of 
hierarchical power Supply control Signal SCRC, is activated 
in response to activation of one-shot pulse generating circuit 
204, and thereby holds the address signal transmitted 
through address data bus 50c. The output of latch circuit 250 
is transmitted to a redundant address decoder (not shown), 
and is also applied to a predecoder 252, which Sends a result 
of predecoding to a driver circuit 254, which is activated in 
response to hierarchical power Supply control Signal SCRC. 

The outputs of driver circuit 254 are held by a level 
holding circuit 2256, and are issued therefrom onto the 
corresponding row precoder lines P.D.L., respectively. 

In the structure of row precoder 36 shown in FIG. 7, a 
region 201 contains level holding circuits, 208, 212, 228, 
238 and 248 as well as level holding circuit 256 and the 
corresponding memory cell blocks. This region 201 is not 
controlled by the hierarchical power Supply control Signal, 
and always uses a power Supply potential Vcc and a ground 
potential VSS as its power Supply potentials for its operation 
during both the active State and Standby State. 

In contrast to this, a region 202 in row precoder 36 is 
controlled by hierarchical power Supply control Signal 
SCRC, and receives power Supply potential Vcc and ground 
potential Vss for its operation while signal SCRC is active. 
Also, region 202 receives a potential lower than power 
Supply potential Vcc and a potential higher than ground 
potential VSS for its operation while hierarchical power 
supply control signal SCRC is inactive (at “L” level). 

FIG. 8 is a Schematic block diagram showing a structure 
of column precoder circuit 34. 

Referring to FIG. 8, control circuit 20 sends through 
command data bus 53b read-related access identification 
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Signal READ for instructing the read operation, write 
related access identification signal WRITE for instructing 
the write operation, automatic precharge identification Sig 
nal ATPC for instructing the automatic precharging, a burst 
end identification signal BEND for instructing the ending of 
the burst operation to each of the banks, a termination 
identification signal TERM for instructing forced termina 
tion of the column Select operation when another bank is 
Selected during the column Selecting operation, and a pre 
charge operation identification signal PCCM for instructing 
the ending of the precharge operation. 
A signal BACT is a flag signal which is held in level 

holding circuit 208 in accordance with selection of the bank. 
Column predecoder circuit 34 includes an AND circuit 

which receives Signal Clm transmitted through command 
data bus 53b and bank address signal B7, a one-shot pulse 
producing circuit 512 which issues a one-shot pulse Signal in 
accordance with activation of the output of AND circuit 510, 
a drive circuit 514 which is activated in response to activa 
tion of flag signal BACT, and drives the output of one-shot 
pulse producing circuit 512, an OP circuit 516 which 
receives signals ATPC, BEND and TERM, and a flip-flop 
circuit 518 which is set by the output of drive circuit 514, is 
reset by the output of OR circuit 516, and issues a column 
flag signal Col.FLAG indicating the fact that the column 
related operations are activated. 
Column precoder circuit 34 further includes an inverter 

circuit 520 which is activated in response to activation of a 
column flag Signal Col.FLG, and thereby drives Signal 
READ transmitted from command data bus 53b, an OR 
circuit 522 which receives signals WRITE, ATPC, BEND 
and TERM, and a flip-flop circuit 524 which is set by the 
output of inverter circuit 520, is reset by the output of OR 
circuit 522 and issues a read flag signal READ.FLAG 
indicating the fact that the read operation is activated. 
Column predecoder circuit 34 further includes an inverter 

circuit 530 which is activated in response to the activation of 
column flag signal Col.FLAG, and drives signal WRITE 
transmitted from command data bus 53b, an OR circuit 532 
which receives signals READ, ATPC, BEND and TERM, 
and a flip-flop circuit 524 which is set by the output of 
inverter circuit 530, is reset by the output of OR circuit 532 
and issues a write flag signal WRITE.FLAG indicating the 
fact that the write operation is activated. 
The column predecoder circuit 34 further includes a shift 

circuit 542 which receives and delays column flag Signal 
Col.FLAG by a predetermined clock time, an OR circuit 540 
which receives flag signal BACT and the output of a shift 
circuit 542, an inverter circuit 544 which is activated in 
response to the activation of OR circuits 540, and drives 
signal ATPC transmitted through command data bus 53b, an 
inverter circuit 546 which receives a signal PCCMP trans 
mitted through command data bus 53b, and a flip-flop circuit 
548 which is set by the output of inverter circuit 544, is reset 
by the output of inverter circuit 546 and issues an automatic 
precharge flag signal ATPC.FLAG indicating the fact that 
the automatic precharge operation is activated. 
Column predecoder circuit 34 further includes a latch 

circuit 550 which is activated in accordance with the output 
Signal of one-shot pulse generating circuit 512, and takes in 
the clock signal transmitted through address bus 50c. Latch 
circuit 550 is reset in response to the activation of signal 
SCRC. 
Column precoder 34 further includes an even bit adjusting 

circuit 552 and an odd bit adjusting circuit 554 which are 
responsive to the lower bits of the column address held in 
latch circuit 550, and adjust the lower bits of the address 
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Signal corresponding to the column select line (not shown) 
to be activated, a predecoder 556 which predecodes the 
upper bit data sent from latch circuit 550, a predecoder 557 
which predecodes the lower bit data sent from even bit 
adjusting circuit 552, a predecoder 558 which predecodes 
the lower bit data sent from odd bit adjusting circuit 554, a 
shift circuit 560 which delays the predecode signals sent 
from predecoders 556, 557 and 558 by a predetermined 
number of clocks (e.g., two clocks), and issues the same, and 
a drive circuit 562 which is activated in response to a signal 
Miss indicating the fact that the address Sent from a redun 
dant decoder (not shown) does not correspond to a defective 
address, receives the output of shift circuit 560 and drives 
the level of the column predecode line in response to the 
output signal of shift circuit 560. 
Specific Structures of Data I/O Portion 
FIG., 9 is a circuit diagram showing a structure of an I/O 

circuit 2000 corresponding to data I/O terminal DQ0. 
Referring to FIG. 9, an address bus EVENO is a data bus 

connected to even address regions in banks 0-3. An address 
bus ODD0 is a data bus connected to odd address regions in 
banks 0-3. An address bus EVEN1 is a data bus connected 
to even address regions in banks 4-7. An address bus ODD1 
is a data bus connected to odd address regions in banks 4–7. 

I/O circuit 2000 includes read receiver circuits 2142 and 
2143, each of which selects one of address buses EVENO, 
ODD0, EVEN1 and ODD1 in response to whether the 
address corresponding to the Selected bank and the data to be 
issued first are even or odd, and issues the data transmitted 
through the Selected address bus in accordance with a 
receiver activating signal R-EN, a shift register 2162 which 
performs the shift operation and issues the Select Signal in 
accordance with a read clock RCLK(ctr), and latch circuits 
2146 and 2148 which internally receive the data issued from 
read data receivers 2142 and 2143 in accordance with the 
Select Signal issued from shift register 2162, respectively. 

I/O circuit 2000 further includes a Switch 2166 which 
receives, in the DDR-SDRAM mode, a clock signal CLe 
formed by extracting active portions in even-numbered 
positions from the clock Signal of double the frequency of 
the external clock signal as well as a clock signal CLO 
formed by extracting active portions in odd-numbered posi 
tions of the same for transmitting them into the I/O circuit 
as data output clocks (i.e., clocks for data output) CK1 and 
CK2 in accordance with Setting of the mode register and the 
CAS latency, a shift register 2164 for shifting the data in 
accordance with output clock CK2, and a shift register 2172 
for shifting the data in accordance with output clock CK1. 
Latches 2146 and 2148 select and output the data latched 
therein in accordance with the outputs of shift registers 2172 
and 2164, respectively. 

Input circuit 2000 further includes an output buffer 1072b 
which is activated by enable signal OE, and issues the data 
to a terminal DQ0, a Switch 2168 which sends the output of 
latch 2148 to output buffer 1072b in accordance with acti 
vation of output clock CK1, and a switch 2170 which sends 
the output of latch 2146 to output buffer 1072b in accor 
dance with activation of output clock CK2. 

I/O circuit 2000 further includes an input buffer 1072a 
receiving the data, which is externally Supplied to terminal 
DQ0 and is amplified, in accordance with enable signal WE, 
Switches 2176 and 2178 which internally transmit the output 
of input buffer 152 in accordance with signals FC and /FC, 
respectively, a shift register 2174 which receives signal /FC 
as a shift clock, and issues a Select Signal, a shift register 
2180 which receives signal FC as a shift clock, and issues a 
Select Signal, a latch 2156 which takes in the Signal Sent 
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through switch 2176 in accordance with the select signal 
issued from shift register 2174, and a latch 2154 which takes 
in the signal sent from Switch 2178 in accordance with the 
select signal issued from shift register 2180. 

I/O circuit 2000 further includes a shift register 2182 
which receives a write clock WCLK(loc) as a shift clock, 
and issues a Select Signal, and a multiplexer circuit 2158 
which receives the data sent from latches 2154 and 2156 in 
accordance with the Select Signal issued from shift register 
2182. Multiplexer circuit 2158 distributes the data to data 
buses EVENO, ODD0, EVEN1 and ODD1, and drives the 
Selected bus depending on whether the received data is to be 
written into the even bank or odd bank, and whether the 
address for initially writing the externally Supplied data is 
the even address or the odd address. 
The operations will be briefly described below. The data 

coming from the even and odd address regions in banks 0-3 
or the data coming from the even and odd regions in banks 
4-7 are Selected by four-points Switches arranges in the 
input portions of receivers 2142 and 2143, and are take into 
them. 

Each Switch is Supplied with a signal for making a 
distinction between upper and lower positions of the banks 
as well as a signal indicating whether the first address in the 
burst read operation is an even address or an odd address. A 
path provided with receiver 2143, latch 2148 and Switch 
2168 is a path through which the data is output for a first 
time, and a path provided with receiver 2142, latch 2146 and 
Switch 2170 is a path through which the data is output for a 
Second time. 
The data passed through the Switches in the input portions 

of receivers 2143 and 2142 are amplified by amplifiers, and 
are Sent to Selector portions in input portions of latches 2148 
and 2146, respectively. Each Selector Selects one of four 
paths included in the latch. The path selected by the selector 
is Successively shifted in accordance with internal clock 
RCLK(ctr) for reading which is applied to shift register 2162 
Sending the Select Signal to the latch, and the Supplied data 
is Successively latched. 
The data Stored in the latch is issued based on a clock 

different from the clock which is used when inputting the 
data into the latch. The path selected in the outputside of the 
latch is Successively shifted in accordance with the Select 
signals issued from shift registers 2164 and 2172, which 
perform the shift operation in accordance with clock signals 
CLe and CLO on the output Side. Among the output data, the 
data to be issued at the odd-numbered times are Stored in 
latch 2148, and the data issued at the odd-numbered times 
are stored in latch 2146. Therefore, clock CLe or CLO to be 
selected as the control signal supplied to Switch 21.68 
depends on the latency before the data is externally output 
after read clock RCLK(ctrl) at which the read command was 
recognized. Switch 2170 is supplied with the other clock as 
the control Signal. If the latency is, e.g., 1.5, clock CLO is 
supplied as the control signal to switch 2168, and clock CLe 
is supplied as the control signal to Switch 2170. 

In the write operation, the data which is externally Sup 
plied for the first time is unconditionally transferred to latch 
2156, and the data Supplied for the second time is uncon 
ditionally transferred to latch 2154. Thereafter, the data are 
transferred alternately to latches 2156 and 2154. 
The latched data is transmitted to multiplexercircuit 2158 

in accordance with internal clock signal WCLK(loc) for 
writing. Multiplexercircuit 2158 issues the data to the data 
bus corresponding to the bank address and the first address 
of the burst data. 
AS described above, the read data is temporarily taken 

into registers 2146 and 2148 before being externally output. 
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Also, the write data is temporarily taken into registers 2154 
and 2156 before being Supplied to the memory cell array. 
Owing to the Structure performing these operations, the 
internal circuits can operate based on the clock of the same 
frequency in either of the SDR-SDRAM operation mode and 
the DDR-SDRAM operation mode by employing different 
frequencies of clock signals CK1 and CK2 or different 
frequencies of clock signals FC and /FC depending on the 
operation modes. 
Structure for Changing the Internal Clock Signals for 
DDR-SDRAM and SDR-SDRAM Operation Modes 

FIG. 10 is a schematic block diagram showing more 
Specifically the Structure of internal clock producing circuit 
1080 shown in FIG. 4. 

Internal clock producing circuit 1008 changes the fre 
quencies of internal clock Signals int.CLK1 and int.CLK2 
issued therefrom as well as its operation Synchronized with 
external clock signal eXt.CLK in accordance with the opera 
tion mode data applied to mode register 1046 and depending 
on whether the device is in the DDR-SDRAM operation 
mode of the DDR-SDRAM operation mode. 
The structures and operations will now be described 

below. 
Internal control clock producing circuit 1008 includes a 

Switching circuit 180 which receives reference potential 
Vref and inverted external clock signal ?ext. CLK, and is 
controlled in accordance with the operation mode data, a 
Switching circuit 182 which receives reference potential 
Vref and the output of Switching circuit 180, and is con 
trolled in accordance with the operation mode data, a 
Switching circuit 184 which receives reference potential 
Vref and the output of Switching circuit 180, and is con 
trolled in accordance with the operation mode data, a 
differential amplifier 150 which receives external clock 
Signal eXt. CLK on its positive input node, and also receives 
the output of Switching circuit 182 on its negative node, a 
differential amplifier 152 which receives the output of 
Switching circuit 184 on its positive node, and also receives 
external clock signal eXt.CLK on its negative node, a 
synchronous circuit 156 which receives the output of dif 
ferential amplifier 150, and selectively issues synchronizing 
Signals for a DLL operation mode and a PLL operation mode 
in accordance with the data held in mode register 1046, a 
Switching circuit 186 which receives the outputs of differ 
ential amplifier 150 and synchronous circuit 156, and is 
controlled by the operation mode data, and a clock driver 
154 which receives the output of Switching circuit 186, and 
buffers the same for issuing internal clock signal int.CLK2. 

Internal clock signal int.CLK2 issued from clock driver 
154 is an internal clock signal for controlling operations of 
internal circuits of SDRAM 1000 such as operations of 
Selecting the row and column in the memory array block 
(bank) and reading the data from the memory array block 
(bank) to I/O ports 1106–1126. 

Internal control clock producing circuit 1008 further 
includes a dividing circuit 158 which receives the output of 
synchronous circuit 156 and executes n-fold division on the 
same, a Switching circuit 188 which receives the outputs of 
synchronous circuit 156 and dividing circuit 158, and is 
controlled in accordance with the operation mode data, and 
a Switching circuit 190 which receives the outputs of Switch 
ing circuit 188 and clock driver circuit 154, and is controlled 
in accordance with the operation mode data. 

Internal control clock producing circuit 1008 further 
includes a one-shot pulse producing circuit 160 which 
receives the output of differential amplifier 150, and issues 
a one-shot pulse signal in response to an edge of activation 
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thereof, a one-shot pulse producing circuit 162 which 
receives the output of differential amplifier 152, and issues 
a one-shot pulse signal in response to an edge of activation 
thereof, an OR circuit 164 receiving the outputs of one-shot 
pulse producing circuits 160 and 162, a Synchronous mirror 
delay circuit 166 which receives the output of OR circuit, 
and issues a signal Synchronized with the received output, 
and a switching circuit 192 which receives the outputs of 
synchronous mirror delay circuit 166 and OR gate 164, and 
is controlled in accordance with the operation mode data. 

FIG. 10 shows, as typical examples, one of address Signal 
input terminals 1030, i.e., the address Signal input terminal 
receiving address signal A0, one of control signal input 
terminals 1010, i.e., the external control Signal input termi 
nal receiving chip Select Signal /CS, and one of data I/O 
terminals 1070, i.e., the data I/O terminal transmitting data 
DO0. 
The output of Switching circuit 190 is applied to address 

input buffer 32 and an external control signal buffer 14 
through clock tree 168, which is provided for supplying the 
clock signals of frequencies matched with each other to the 
address signal input terminal group and the external control 
Signal input terminal group. 
The output of Switching circuit 192 is applied to Switching 

circuits 194 and 196 through clock tree 170, which is 
provided for Supplying the internal clock signals of frequen 
cies matched with each other to the data I/O terminals 
included in the data I/O terminal group. 
The output of clock tree 170 is supplied to an output 

buffer 1069a, which is controlled by an output control circuit 
172, and issues clock signal QS to the signal QS I/O 
terminal. The Signal Sent from clock Signal QS input termi 
nal is applied to Switching circuit 194 through an input 
buffer 1069b. 
The output of Switching circuit 194 is applied to a data 

reception control circuit 174 through a clock tree 176 
provided for Supplying the clock Signals, which is based on 
the signal sent from Switch circuit 194 and have frequencies 
matched with each other, to the respective data I/O terminals 
included in data I/O terminal group 1070. Input buffer 1072a 
receives the write data applied to data I/O terminal 1070 
under the control by data reception control circuit 174. 

Data output buffer 1072b for the data I/O terminal outputs 
the read data in accordance with the output of Switching 
circuit 196, which receives the outputs of clock trees 170 
and 168, and is controlled by the operation mode data. The 
operation of output buffer 1072b is controlled by a data 
output control circuit 178. 

Referring to FIG. 10, more specific description will now 
be given on operations of Switching circuits 180-196 in the 
DDR-SDRAM operation mode. 

In FIG. 10, thick lines represent transmission paths of 
active signals in Such a case that the operation is in the 
DDR-SDRAM operation mode, the synchronous mirror 
delay circuit (SMD circuit) is used, synchronous circuit 156 
is not used, complementary clock signals are used as the 
input clock signals, and the bidirectional mode is Selected as 
the mode for the data input/output operation. In FIG. 10, thin 
lines represent transmission paths of inactive Signals in the 
above case. 
More specifically, Switching circuit 180 is set on a side for 

receiving inverted clock signal ?ext. CLK and issuing the 
same to switching circuits 182 and 184. Switching circuit 
182 is set on a Side for receiving the output of Switching 
circuit 180, and applying the same to the negative input node 
of differential amplifier 150. Switching circuit 184 is set on 
a side for receiving the output of Switching circuit 180, and 
applying the same to the positive input of differential ampli 
fier 152. 
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Switching circuit 186 is set on a side for receiving the 
output of differential amplifier 150, and applying the same 
to clock driver 154. 

Switching circuit 188 is set on a side for receiving the 
output of Synchronous circuit 156, and applying the same to 
Switching circuit 190. Switching circuit 190 is set on a side 
for receiving the output of clock driver 154, and applying the 
same to clock tree 168. Switching circuit 192 is set on a side 
for receiving the output of Synchronous mirror delay circuit 
166, and applying the same to clock tree 170. 

Switching circuit 194 is set on a side for receiving the 
output of QS signal input buffer 1069b, and applying the 
same to clock tree 176. Switching circuit 196 is set on a side 
for receiving the output of clock tree 170, and applying the 
same to data output buffer 74. 
Owing to the above setting of Switching circuits 182-196, 

the following DDR-SDRAM operation mode is set. 
In this operation mode, Signals produced by Synchronous 

mirror delay circuit 166 are used as Synchronous clock 
Signals CLe and CLO for data output. By using the clock 
Signals produced by Synchronous mirror delay circuit 166, 
appropriate data input/output operation can be performed in 
such situations that SDRAM 1000 is operating with a high 
frequency and a skew in the clock Signal may cause a 
problem in control of output of the clock from the input 
buffer to data I/O terminal 1070, and that the controller side 
is required to receive the data in accordance with the same 
timing as the external clock. 
On the other hand, the output signal of, e.g., Synchronous 

circuit 156 operating as the DLL circuit is not used for the 
input data control. 

In this case, the external clock Signals Supplied to the 
device are complementary signals ext. CLK and ?ext. CLK. 

Further, the device has the structure allowing the bidirec 
tional mode, in which Signal QS is issued from the QS Signal 
output terminal during the data output operation, and the 
data is taken into the device in accordance with Signal QS 
applied from the controller Side during the data read opera 
tion. 

Internal clock signal int.CLK2 controlling the operations 
of internal circuits are produced by clock driver 154 in 
accordance with the output of differential amplifier 150. 
Internal clock signal int.CLK2 issued from clock driver 154 
is transmitted to address signal input terminal group 1030 
and external control Signal input terminal group 1010 
through clock tree 168, and is used for control of input 
timing of these signals. 

One-shot pulse producing circuits 160 and 162 produce 
the one-shot pulses in accordance with the activation edges 
of the output signals of differential amplifiers 150 and 152, 
and OR circuit 164 issues the signal of double the frequency 
of external clock signal eXt. CLK. In accordance with the 
output signal Sent from OR circuit 164, Synchronous mirror 
delay circuit 166 produces internal clock signal int. CLK1 
having double the frequency of external clock Signal ext 
CLK. 

Internal clock signal int.CLK1 thus produced is applied to 
data output buffer 1072b and QS signal output buffer 1069a 
through clock tree 170. 

In the foregoing description, first internal clock signal 
int.CLK1 has double the frequency of external clock signal 
ext.CLK. However, the invention is not restricted to this. In 
general, first internal clock Signal int. CLK1 has a frequency 
which is larger by N times than that of external clock signal 
ext. CLK. 

FIG. 11 is a timing chart showing operations of differen 
tial amplifiers 150 and 152, and one-shot pulse producing 
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circuits 160 and 162 as well as OR gate 164 and synchro 
nous mirror delay circuit 166. 
At time t1, external clock signal eXt. CLK rises to the 

active level (“H” level), and signal ?ext.CLK falls to the 
inactive level (“L” level). In response to this, the output level 
of differential amplifier 152 changes to “H” level, and the 
output level of differential amplifier 152 changes to “L” 
level. In response to the rising of output level of differential 
amplifier 152 to “H” level, one-shot pulse generating circuit 
162 issues a one-shot pulse, and OR gate 164 receiving this 
one-shot pulse issues a corresponding one-shot pulse. 
At time t2, signal ext. CLK falls to “L” level, and signal 

/ext. CLK rises to “H” level. In response to this, the output 
level of differential amplifier 150 attains “H” level. In 
response to this, one-shot pulse generating circuit 160 issues 
a one-shot pulse, and OR gate 164 issues a corresponding 
one-shot pulse Signal. 

Thereafter, OR gate 164 issues the one-shot pulse in 
response to each of the rising edges of external clock signal 
ext. CLK and inverted external clock signal ?ext. CLK. 

Synchronous mirror delay circuit 166 receiving the output 
of OR gate 164 starts to issue internal clock signal int.CLK, 
which is Synchronized with external clock signal eXt.CLK 
and has double the frequency of external clock signal 
ext.CLK. at time t3, i.e., at Second cycle after output of the 
first one-shot pulse from OR gate 164. 

FIG. 12 is a Schematic block diagram showing States of 
Switching circuits 180-196 in internal control clock produc 
ing circuit 1008 of the structure shown in FIG. 10, and 
particularly the States in the case where the clock signals 
issued from internal synchronous circuit 156 are used for the 
operation of receiving the address Signal and the external 
control signal in the DDR-SDRAM operation mode. 

In the State shown in FIG. 12, the operation mode of 
SDRAM 1000 is the DDR-SDRAM operation mode, inter 
nal clock signal int.CLK issued from Synchronous mirror 
delay circuit 166 is used for the data output, the Signal issued 
from synchronous circuit 156 is used for input of the address 
Signal and the external control Signal, and the Signal issued 
from clock driver 154 is used for the operation of internal 
circuits. 

Further, the output of Synchronous mirror delay circuit 
166 is applied to QS signal I/O terminal so as to allow the 
operation in the bidirectional mode. 
Owing to the above State and Structure, it is possible to 

suppress, in the DDR-SDRAM operation mode, an influence 
by a skew in the external clock Signal, which may be exerted 
on the operation of receiving the address Signal and the 
external control Signal with a higher operation frequency. 

FIG. 13 is a Schematic block diagram showing the States 
of Switching circuits 180-196 of internal control clock 
producing circuit 1008 in the case where SDRAM 1000 
shown in FIG. 4 operates in the SDR-SDRM operation 
mode. 

In FIG. 13, paths transmitting active signals in the SDR 
SDRAM operation mode are likewise depicted by thick 
lines. 

Switching circuits 180, 182 and 184 are on the side for 
receiving reference potential Vref. Differential amplifier 150 
receives reference potential Vref and external clock signal 
ext. CLK, and issues the Signal of the same frequency as 
external clock signal ext.CLK. Since switching circuit 186 is 
on the side for receiving the output of differential amplifier 
150, clock driver 154 receives the output of differential 
amplifier 150, and issues internal clock signal int.CLK2 of 
the same frequency as external clock signal eXt. CLK. 

Since Switching circuit 190 is on the side for receiving the 
output of clock driver 154, signal int.CLK2 issued from 



US 6,618,319 B2 
25 

clock driver 154 is applied to the address Signal input 
terminal group and the external control Signal input terminal 
group through clock tree 168. 

Further, Switching circuits 194 and 196 are on the side for 
receiving the output of clock tree 168 so that the data 
input/output operation is controlled by the internal clock 
Signal of the same frequency as external clock Signal ext 
CLK. 

In this case, Switching circuit 194 is not on the side for 
receiving Signal QS, and therefore is in the State not coping 
with the bidirectional mode. 
AS described above, the operation mode of internal con 

trol clock producing circuit 1008 is switched in accordance 
with the operation mode data held in mode register 1046, 
whereby the operation mode can be flexibly selected in 
accordance with the Specifications of the System equipped 
with SDRAM 1000. 
Structure of I/O Line Pairs for Data Reading 
FIG. 14 is a block diagram showing by way of example 

the arrangement of Sub-I/O line pairs S-I/O and main I/O 
line pairs M-I/O for transmitting the data read from the 
memory array blocks shown in FIG. 4 onto global I/O data 
bus G-I/O. 

In FIG. 14, bank 0 corresponding to memory cell array 
block 100a in FIG. 4 is divided into four regions 
100a0-1003. 
Bank 0 (Bank-0) corresponds to one (i.e., a region of 64 

Mbits) among 16 divided portions of memory cell array 100 
shown in FIG. 4. In the structure shown in FIG. 4, one of 
banks 100a, 100b, 100c, 100d, 100i, 100i, 100kand 100l 
belonging to the left half plane is activated, and the data is 
issued from corresponding data I/O terminals DQ0-DQ15 in 
the read operation. Also, one of banks 100e, 100f, 100g, 
100h, 100m, 100n, 1000 and 100p belonging to the right half 
plane in FIG. 4 is activated, and the data is output from 
corresponding data I/O terminals DQ16-DQ31. 
As shown in FIG. 14, each of regions 100a0–100a3 is 

divided into eight memory cell mats MAB0-MAB7 
arranged in the column direction. The Sense amplifier band 
(not shown) is provided for each of the regions of each 
memory array mat for amplifying the data Sent from the 
Selected memory cells. 

Description will not be given on, e.g., the Structure of 
region 100a0. 

For each mat, Sub-I/O line pairs S-I/O extend in the word 
line direction (i.e., along G-I/O in the figure). When a 
column select line YS selected in accordance with the 
external address Signal is activated, it is connected to the 
Sense amplifier for the corresponding memory cell column 
So that the read data amplified by the Sense amplifier is 
transmitted onto Sub-I/O line pair S-I/O. The Sub-I/O line 
pair S-I/O has a complementary Structure in which two line 
transmit one data. 
Main input/output line pairs extend longitudinally (i.e., in 

a direction perpendicular to G-I/O in the figure, and in other 
words in the column direction of the memory cell array) 
through each memory cell array mat. The data transmitted 
through Sub-I/O line pair S-I/O is amplified by a sub 
amplifier SUA arranged in the crossing between this Sub-I/O 
line pair S-I/O and main I/O line pair M-I/O, and thereafter 
is transmitted onto corresponding main I/O line pair M-I/O. 
The read data transmitted through main I/O line pair M-I/O 
is amplified by a read/write amplifier 902,904,906 or 908, 
and is transmitted to corresponding global I/O bus G-I/O. 
Main I/O line pair has a complementary Structure which 

uses two lines for transmitting one data. 
In FIG. 14, a region depicted by a Solid Square in each 

crossing between the Sub-I/O line pair and the main I/O line 
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pair M-I/O represents the position of a Sub-amplifier and a 
transfer gate making connection between Sub-I/O line pair 
S-I/O and main I/O line pair M-I/O. 

In the write operation, the externally Supplied data is 
written into the Selected memory cell through a path reverse 
to the above. 
The memory cells which are selected by activation of one 

column Select line are, e.g., four in number. 
In this case, 16 data are simultaneously read out in the 

example shown in FIG. 14 when column select lines YS0, 
YS1, YS2 and YS3 are activated in regions 100a0, 100a1, 
100a2 and 100a3, respectively. 

FIG. 15 is a circuit diagram showing a structure provided, 
e.g., in memory cell column region 100a0 for transmitting 
the data from the selected bit line pair onto Sub-I/O line pair 
S-I/O. 

FIG. 15 particularly shows a portion of the structure 
wherein one column select line YSO connects two memory 
cell columns to two Sub-I/O line pairs S-I/O, respectively. 

Referring to FIG. 15, when column select line YS0 is 
selected, bit line pair BL0 and ZBL0 is connected to Sub-I/O 
line pair S-I/O0 through transfer gate transistors TN01 and 
TN02. Thereby, the read data amplified by sense amplifier 
200.0 is transmitted onto sub-I/O line pair S-I/O0. 

Another bit line pair BL1 and ZBL1 is connected to 
Sub-I/O line pair S-I/O1 through transfer gate transistors 
TN11 and TN12, when column select line YSO is selected. 
Thereby, the read data amplified by sense amplifier 200.1 is 
transmitted onto Sub-I/O line pair S-I/O1. 
Column decoder 42 responds to activation of signal YS 

pulse by selecting column select lines YSO and others based 
on the Signals Sent from predecode lines P.D.L. 

FIG. 16 is a Schematic block diagram for showing a 
structure of a column select timing control circuit 3000, 
which is provided in SDRAM 1000 of the embodiment 1 of 
the invention for producing the column Select pulse signal 
YS pulse in FIG. 3 from write clock WCLK issued for 
controlling the write operation or read clock RCLK issued 
for controlling the read operation. 
Column select timing control circuit 3000 includes a 

variable shift circuit 3100 which receives write clock 
WCLK produced within SDRAM 1000 for the write 
operation, and outputs the same with a delay of a predeter 
mined time, a delay circuit 3200 which receives the output 
of variable shift circuit 3100, and outputs the same with a 
delay of a predetermined time, a pulse generating circuit 
3210 which receives the output of delay circuit 3200, and 
generates a pulse Signal, a delay circuit 3300 which receives 
the internal read clock signal generated within SDRAM 
1000 in the read operation, and outputs the same with a delay 
of a predetermined time, a pulse generating circuit 3310 
which receives the output of delay circuit 3300, and gener 
ates a pulse signal, and an OR circuit 3220 which receives 
the outputs of pulse generating circuits 3210 and 3310, and 
outputs the YS pulse signal for Selecting the memory cell 
column. 
The variable shift circuit 3100 includes a clock shift 

circuit 3110 which operates in response to the control signal 
sent from mode register 1046, and outputs received write 
clock signal WCLK without shifting the same in the SDR 
SDRAM operation mode, a Switch circuit 3112 which oper 
ates under the control by mode register 1046 to output 
selectively the output of clock shift circuit 3110 as the output 
of variable shift circuit 3100 in the SDR-SDRAM operation 
mode, a 1-clock shift circuit 3120 which receives internal 
write clock signal WCLK in the DDR-SDRAM operation 
mode, and outputs the same with a delay of one clock, a 
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1.5-clock shift circuit 3122 which receives signal WCLK, 
and outputs the same with a delay of 1.5 clocks, a 2-clock 
shift circuit 3124 which receives signal WCLK, and outputs 
the same with a delay of 2 clocks, a 2.5-clock shift circuit 
3126 which receives signal WCLK, and outputs the same 
with a delay of 2.5 clocks, a 3-clock shift circuit 3128 which 
receives signal WCLK, and outputs the same with a delay of 
3clocks, and a Switch circuit 3130 which is controlled in 
accordance with the operation mode data Set in mode 
register 1046, receives the outputs of 1- though 3-clock shift 
circuits 3120-3128, and selectively outputs one of the 
received outputs as the output of variable shift circuit 3100. 

Thus, the data output portion adjusts the magnitude of 
CAS latency in the read operation mode, and therefore the 
YS pulse is produced from read clock signal RCLK without 
through the shift operation in the read operation mode. 

In the write operation, however, a time margin for opera 
tions Such as Serial-parallel conversion of the data and 
Selection the memory cell is required before the data is 
actually written into the memory cell array after write 
command WRITE is externally applied. Therefore, the shift 
operation for the predetermined clock time is performed, and 
the YS timing is produced in accordance with delayed 
timing. 
As described above, variable shift circuit 3100 produces 

the YS pulse in accordance with the mode data set in mode 
register 1046 with a delay of the predetermined clock 
cycle(s) from internal write clock signal WCLK. 

In the above embodiment, the timing of activation of the 
YS pulse during the write operation in the SDR-SDRAM 
operation mode corresponds to the activation edge of exter 
nal clock Signal eXt.CLK, at which the write command is 
input. In contrast to this, the column Selecting operation in 
the DDR-SDRAM operation mode is performed in accor 
dance with the activation edge of the clock which is shifted 
by two clocks from the activation edge of external clock 
Signal eXt. CLK, at which the write command is input. 
According to the above embodiment, the operations in these 
different manners can be achieved on the Synchronous 
Semiconductor memory device on the same chip. 

In the structure described above, the amount of delay of 
the YS pulse changes depending on whether the Synchro 
nous Semiconductor memory device operates in the SDR 
SDRAM operation mode or the DDR-SDRAM operation 
mode. However, Such a structure may be employed that can 
adjust the timing of the row-related circuit operations Such 
as activation of the word line and activation of the Sense 
amplifier as well as the timing of the column-related circuit 
operations Such as activation of the data bus and input/ 
output of the input/output data in addition to the activation 
of the YS pulse described above. The above adjustment can 
be performed by the Structure in which the control Signals 
for controlling the respective operations are delayed by 
predetermined clock cycles from the clock signal forming 
the reference in accordance with the mode data Set in mode 
register 1046. 

By employing the above Structure, the device can flexibly 
meet the intended Specifications of the System even if each 
bank is activated independently of the others, and the 
address bus and the command data bus are provided com 
monly to the plurality of banks. 
Embodiment 2 
In SDRAM 1000 of the embodiment 1, the structure 

performing the Serial-parallel conversion by the register 
circuit shown in, e.g., FIG. 9 is employed in the data I/O 
portion for allowing Switching between the SDR-SDRAM 
operation mode and the DDR-SDRAM operation mode. 
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More Specifically, in the data write operation of the 

structure of the embodiment 1, 8 bits of data are alternately 
written from the data I/O terminal to register circuits 2154 
and 2156, and writing of the data into the memory cell array 
is performed by alternately applying the data from registers 
2154 and 2156 onto the data bus in accordance with clock 
signal WCLK. 

In the above operation, the write data is Supplied to the 
register circuits (data latches) in response to input of the 
write command, and then is Successively transferred to the 
array. In connection with this, Such a structure may be 
employed that, and at the Same time as the above transfer of 
the write data, the write data can be transferred to the latch 
circuits (registers 2146 and 2148) provided for the output 
data in accordance with clock WCLK used for the data 
transfer to the array. According to this Structure, registers 
2146 and 2148 can be used as cache memories of a certain 
kind. 

FIG. 17 is a Schematic block diagram showing a structure 
of a data I/O portion 4000 allowing the above operation, and 
is comparable to FIG. 9 showing the embodiment 1. 
The structure in FIG. 17 differs from the structure of data 

I/O portion 2000 of the embodiment 1 in the following 
points. 
When the write command is first applied, a flag holding 

circuit 4010 holds the level of the write flag while the write 
operation is designated. An AND circuit 4012 receives the 
output of write flag holding circuit 4010 and write clock 
Signal WCLK, and issues a transfer clock signal TD. A data 
transfer buffer 4020 operates in accordance with transfer 
clock TD, and Successively transferS the data, which is sent 
from register 2156 to the memory cell array, to register 
circuit 2148 provided for data reading. A data transfer buffer 
4022 operates in accordance with transfer clock TD, and 
Successively transferS the data, which is Sent to the memory 
cell array from register 2154 provided for data writing, to 
register 2146 provided for data reading. 

Further, during a period over which the data write opera 
tion is instructed in accordance with the output of flag 
holding circuit 4010, a multiplexercircuit 4030 receives an 
output signal, which is sent from shift register 2182 for 
controlling Selection and output of the data between those 
sent from register circuits 2156 and 2154, in accordance 
with clock signal WCLK, and issues the received signal as 
the signal for controlling Switching circuits 2147 and 2149 
provided on the memory cell array Sides of register circuits 
2146 and 2148, respectively. During a period over which the 
write operation is not instructed, multiplexer circuit 4030 
issues the output, which is Sent from shift register 2162, as 
the signal for controlling Switching circuits 2147 and 2149. 

Furthermore, an address latch circuit 4100 holds the 
address designated in the last read or write operation, and an 
address comparator circuit 4110 compares the read address 
applied in the read operation with the address held in address 
latch circuit 4100. If there is a match between them, address 
comparator circuit 4110 activates Switching circuit 2166 to 
issue the data held in register circuits 2146 and 2148 to data 
I/O terminal DOO. 
The address signal held in address latch circuit 4100 may 

be the address Signal in the last read operation or the address 
Signal in the last write operation. 

According to the above Structure, when the read operation 
is instructed to read the data from the Same address as that 
which was designated in the last read operation, the data 
which has been held in registers 2146 and 2148 is output 
from data I/O terminal DQ0 and others without accessing 
the memory cell array. 
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When the read operation is instructed to read the data at 
the same address as that in which the data Sent from the data 
I/O terminals was written by the immediately preceding 
write operation, the data held in registers 2146 and 2148 are 
likewise output from the corresponding data I/O terminal 
DQ0 and others without accessing the memory cell array. 

In contrast to the above, when the address designated for 
reading is different from the address which was designated 
in the immediately preceding read or write operation, the 
data read from the memory cell array is transferred to 
register circuits 2146 and 2148. The data thus transferred is 
Successively and alternately Supplied to the lowest layer and 
the layers above them of register circuits 2146 and 2148. In 
an actual operation, the operation itself of reading the data 
from the memory cell array is executed Simultaneously with 
the operation of determining match/mismatch between the 
address Signals, and an operation is performed to invalidate 
the data which is read from the array for output from 
receivers 2142 or 2143 in the output portion, when the 
address comparator circuit issues a result indicating the 
match. 

FIG. 18 is a circuit diagram showing a structure of data 
transfer buffer 4020 shown in FIG. 17. 

Data transfer buffer 4020 includes p-channel MOS tran 
sistors 4200 and 4202, and n-channel MOS transistors 4310 
and 4212, which are connected in Series between power 
Supply potential Vcc and ground potential GND. p- and 
n-channel MOS transistors 4202 and 4210 receive on their 
gates an output of a multiplexer 2157 provided for Selecting 
the output of register circuit 2156.p.channel MOS transistor 
4200 receives an inverted signal /TD of transfer clock TD, 
and n-channel MOS transistor 4212 receives transfer clock 
TD. 

The output of data transfer buffer 4020 is applied to 
demultiplexer 2149 through Switching circuit 4021. 

In accordance with the output of address comparator 
circuit 4110, Switching circuit 4021 selectively applies the 
output of receiver 2143 or the output of data transfer buffer 
4020 to demultiplexer 2149. 

For simplicity reason, FIG. 18 shows by way of example 
the structure of each of register circuits 2156 and 2148 
relating to one bit. 

FIG. 19 is a timing chart showing an operation of the 
SDRAM having the cache function already described with 
reference to FIGS. 17 and 18. 

The timing chart of FIG. 19 shows a normal operation of 
the DDR-SDRAM SDRAM with the burst length of 8, CAS 
latency of 2 and write latency of 2. 
At time t0 in FIG. 19, i.e., at the rising edge of external 

clock signal eXt.CLK, command ACT instructing activation 
of the SDRAM is designated in accordance with the active 
states of signals /CS and /RAS. 

At time to, the row address and the bank address are taken 
and held in row address latch 1048 and bank address latch 
1052, respectively. 
At Subsequent time t1, i.e., at the edge of activation of 

internal clock signal int.CLK, command WRITE for 
instructing the write operation is issued in response to the 
active states of signals /CS, /CAS and /WE. 
At the same time, the column address is input, and column 

address latch 1050 holds the value thereof. At this time, the 
operation mode of burst write has been set. Therefore, the 
write operation in and after the next cycle will be performed 
while automatically incrementing the column address within 
SDRAM 1000 by burst address counter 1060. 

In response to designation of the write operation, flag 
signal WRITE instructing the internal write operation 
changes to the active State. 
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Thereafter, the write data is changed outside SDRAM 

1000 in synchronization with signal QS applied to SDRAM 
1000, whereby the write data is taken in. 
The data which has been written in serial is converted into 

parallel data two bits at a time by data I/O circuit 1080, and 
is written into the selected memory cells at time t3 and 
Subsequent times ta-té. At time t11 after the above, i.e., at 
the rising edge of internal clock signal int.CLK, command 
READ for instructing the read operation is designated in 
response to the fact that Signals /CS and /CAS are active and 
signal /WE is inactive. 

In response to this, SDRAM 1000 internally starts pro 
duction of internal clock signal RCLK instructing the read 
operation. 
The data read from the memory cell column, which is 

Selected at the activation edge ofYS pulse activated between 
times t11 and t12, is applied to data I/O circuit 1086 through 
main I/O line pair M-I/O and global I/O line pair G-I/O. In 
the data I/O circuit 1018, the parallel data of two bits, which 
was read out Simultaneously, is converted into the Serial 
data, which is applied to data I/O terminal DQ0 and others 
in response to signal QS issued from the Synchronous mirror 
delay circuit. Also, Signal QS is externally Sent from 
SDRAM 1000 for allowing an external portion such as a 
memory controller to recognize the output data. 

Thereafter, the read data which was read two bits at a time 
in parallel is converted into the Serial data, and is externally 
read out from SDRAM 1000. 
FIG.20 is a timing chart showing the read operation in the 

cache operation mode, and particularly the operation of 
reading out the data of the same address as the data which 
was written immediately before the reading. FIG. 20 is 
comparable to FIG. 19. 
At time t0, the activation of SDRAM 1000 is instructed. 

The operation for writing the data into the memory cells 
during a period from t0 to té are similar to those shown in 
FIG. 22, and therefore will not be discussed below. 
At time t11, i.e., at the rising edge of internal clock signal 

int. CLK, READ command is designated and the address 
signal is applied. When address comparator circuit 4110 
detects that the address designated by this address signal is 
the same as the address where the data was written at time 
t1, external output of the read data and Signal QS from 
SDRAM 1000 can starts at time t12 delayed by only one 
clock from time t11, i.e., with the minimum latency, because 
the data to be read has already been latched in register 
circuits 2146 and 2148. 

According to the above Structure, the register circuits 
provided in I/O data portion 4000 are used substantially as 
cache memories. Therefore, the data read Speed can be 
increased in the case where the data is to be read from the 
Same address as that in the immediately preceding write or 
read operation. 

During the above operation in the bidirectional mode, as 
already described, signal QS is applied to SDRAM 1000 for 
data writing, and is externally output from SDRAM 1000 for 
data reading. Therefore, the timing of Start of data output 
from SDRAM 1000 can be recognized on the controller side 
based on Signal QS. 
Modification of Embodiment 2 
In the embodiment 2, eight data registers for latching the 

data are present for one data I/O terminal. These eight data 
which are input or output in Serial are handled as one Set of 
data, and the operation in the cache mode is performed every 
time a leading address corresponding to the data Set is input. 

For executing the operation in the cache mode on the 
further subdivided data sets, a plurality of sets of address 
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latches may be prepared. In this case, the addresses are 
Successively Set in accordance with input of the write 
commands So that the latch group for outputting the data can 
be divided into the number equal to that of the sets of the 
address latches described above. Thereby, the above opera 
tion in the cache mode for the further Subdivided data sets 
can be performed. 

FIG. 21 is a Schematic block diagram showing a structure 
of a data I/O portion 5000, which can operate in the cache 
mode for the Subdivided data sets as described above. 

In the example shown in FIG. 21, two data per one data 
I/O terminal forms one set. Thus, one data set is formed of 
two data which are simultaneously transferred to register 
circuits 2146 and 2148 in accordance with one transfer 
clock. 
Assuming that the whole chip includes 32 data I/O 

terminals, operation as the cache memory can be executed 
on Sets of 64 data, and in other words, data of 8 bytes can 
be processed by operating registers 2146 and 2148 as the 
cache memories. 

In the above case, each of register circuits 2146 and 2148 
is divided into four by providing one data I/O terminal for 
two data. Since this structure is present for each of 32 data 
I/O terminals, 64 data can be externally output from the 32 
data I/O terminals in Such a manner that the data held in 
register circuits 2146 and 2148 is externally output rather 
than the read data read from the memory cell array when a 
match occurs between the address Signal held in one address 
latch and the address Signal compared in the read operation. 

In the structure shown in FIG. 21, therefore, address latch 
circuit 4500 has four sets of latch circuits. 

In the structure shown in FIG. 21, the oldest data is erased 
from registers 2146 and 2148 every time the Successive 
write operation is instructed, and for this purpose, each of 
registers 2146 and 2148 has a structure of a so-called 
“first-in first-out (FIFO) memory”. 
More Specifically, in the write operation, the write data is 

applied from the output sides of write register circuits 2154 
and 2156 through data transfer buffers 4020 and 4022 to 
latch circuits 2146 and 2148, respectively. The write data 
thus supplied is first stored in the lowermost layers of the 
FIFO memory. The registers 2146 and 2148 successively 
shift the Stored data to the upper layer every time the data 
input operation is performed, and the data shifted to the 
uppermost layer will be erased when the next data input is 
performed. 

Address latch circuit 4500 likewise has a FIFO structure, 
in which the old address is erased when four new addresses 
are input. The structure is also provided with four sets of 
address comparator circuits 4510 corresponding to address 
latch circuit 4500. Address comparator circuits 4510 com 
pare the read addresses Supplied thereto with the four Sets of 
address signals held in address latch circuit 4500. When a 
match occurs between the input address and the address 
signal in the address latch, the value of shift register 2164 for 
output is forcedly rewritten So as to Select the output Sent 
from the output data latch which corresponds to the com 
parator circuit issuing the match Signal. Thereby, the data in 
registers 2146 and 2148, and particularly the data corre 
sponding to the address, which exhibits the match in the 
address comparator circuit, is applied to the data I/O termi 
nal. 
When the applied read address does not match with the 

address signal in address latch 4500 in the read operation, 
the data in the memory cell array is transferred to register 
circuits 2146 and 2148. The data thus transferred is likewise 
supplied to the lowermost layers of registers 2146 and 2148, 
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i.e., FIFO memories. At the same time, the address Signal is 
set in the lowermost layer of the address latch 4500. 

In the actual operation, data reading from the memory cell 
array is executed in parallel with the operation of determin 
ing match/mismatch. If the address comparator circuit 4510 
issues a result of comparison exhibiting the match, the data 
sent from the array to receivers 2142 and 2143 in the output 
portion is invalidated, and is not written into registers 2146 
and 2148. 
According to the above Structure, it is possible to execute 

the cache mode operation on the further divided data Sets. 
Embodiment 3 
FIG. 22 is a timing chart showing an operation of an 

SDR-SDRAM with a burst length of 8 and a CAS latency of 
3. 
At time t1, the WRITE command is applied, and the burst 

writing ends. Immediately after this, the READ command is 
applied at time t9. Except for this operation, the operations 
in FIG. 22 are basically the same as those of the SDR 
SDRAM shown in FIG. 2. 

In the SDR-SDRAM operation mode, the WRITE com 
mand for instructing the write operation is applied at time t1. 
Thereafter, the READ command for instructing the Subse 
quent read operation cannot be applied until time t11, i.e., 
until 8 clockS elapse after time t1. 

FIG. 23 is a timing chart showing an operation of the 
DDR-SDRAM in the case where the burst length is 8 and the 
CAS latency is 2. 

In the DDR-SDRAM operation, data writing is performed 
at the double data rate. However, the write latency of 2 
clockS is present before the data is actually written into the 
memory cell array after the WRITE command is applied for 
instructing the write operation. Therefore, application of the 
WRITE command for designating the write operation Sub 
sequently to the application of WRITE command at time t1 
cannot be performed until time t7, i.e., until 5 clockS elapses 
after time t1. 

In any one of the cases where the write operation is to be 
performed Subsequently to the last write operation, the 
operation of writing the data into the memory cell array 
Starts after two clockS elapses from application of the 
WRITE command. Therefore, as shown in FIG. 23, the 
WRITE command can be applied when a time of 5 clocks 
elapses after the first WRITE command is applied. 

FIG. 24 is a timing chart showing the operation of the 
DDR-SDRAM in the case where the read operation is 
performed Subsequently to the write operation. 

In FIG. 24, it is likewise assumed that the burst length is 
8, the CAS latency is 2 and the write latency is 2. 

For starting the write operation Subsequently to applica 
tion of the WRITE command instructing the write operation 
at time t1, it is necessary to prevent conflict between read 
data on the main I/O line pair or the like, which may occur 
when the column Selection is performed. Accordingly, the 
READ command instructing the read operation must be 
applied to the SDRAM after the write operation is com 
pletely ended. 
More specifically, if the WRITE command was applied at 

time t1, the READ command for designating the write 
operation cannot be applied until time t7, i.e., until the time 
of 6 clockS elapses after time t1. 

Accordingly, in the case of the DDR-SDRAM operation 
mode with the double data rate, Such a problem arises that 
a Specific time required until the read operation can be 
Started immediately after the write operation cannot be 
sufficiently reduced in spite of the fact that the data rate for 
Writing and reading the data is twice as large as that in the 
SDR-SDRAM of the single data rate. 
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In the SDRAM of the embodiment 3, the following 
Structure is employed for overcoming the above problem. 
Thus, the data, which is to be written in parallel during the 
last clock period in the data write operation of the burst 
processing, is written in the next data write cycle or the cycle 
of the precharge operation. Owing to this structure, the 
SDRAM can reduce the specific time required before the 
READ command is applied after application of the WRITE 
command even in the case where the read operation is 
performed Subsequently to the write operation. 

FIG. 25 is a schematic block diagram of a structure of a 
write clock converting circuit 6000, which allows the above 
operation by converting internal write clock signal WCLK 
in the embodiments 1 and 2 (which is indicated by a 
reference “WCLKO" in this embodiment) into a clock signal 
WCLK1. 

In the structure of the embodiment 2, the value of the 
address which was used in the operation immediately before 
the write operation is held, and the value thus held is used 
for operating the registers arranged in the data I/O portion as 
the cache memories. 

The embodiment 3 utilizes the fact that the address value 
of the immediately preceding write operation is held. By 
using the address value thus held, the operation is performed 
to shift the timing for writing the data in the burst operation, 
and particularly, the timing for writing the data in the last 
clock cycle to the later timing. The write operation accord 
ing to the timing thus shifted will be referred to as a “delayed 
write operation” hereinafter. Thereby, the time required 
before the application of the READ command after the 
WRITE command can be reduced even in the case where the 
read operation is to be performed immediately after the write 
operation. 

In the embodiment 3, it is assumed that the YS pulse is 
produced in accordance with write pulse WCLK1. 

Thus, the structure of the embodiment 3 corresponds to 
the structure in which write clock converting circuit 6000 is 
added to the structure of the SDRAM of the embodiment 2. 

Referring to FIG. 25, write clock converting circuit 6000 
includes an OR circuit 6010 which receives on one of its 
input nodes a power-on reset signal POR, which attains “H” 
level upon power-on, a flip-flop circuit 6020 which receives 
the output of OR circuit 6010 as a reset signal, and produces 
a delayed flag, a flip-flop circuit 6100 which is set by 
precharge command PC, is Set by the reset Signal and 
produces the PC flag, a logic gate 6110 which produces the 
PC write signal in accordance with the PC flag issued from 
flip-flop circuit 6100 and an inverted signal of the delayed 
flag, a delayed pulse producing circuit 6200 which produces 
a delayed write Signal in accordance with write clock signal 
WCLK0, delayed flag and PC write signals a flip-flop circuit 
6210 which receives the output of delayed pulse producing 
circuit 6200 and the delayed flag, and produces the Set Signal 
for flip-flop circuit 6020 upon receipt of the output of 
delayed pulse producing circuit 6200 when the delayed flag 
is at "L' level, a pulse producing circuit 6220 which receives 
the output of delayed pulse producing circuit 6200 and the 
PC Write Signal, and issues the reset pulse to the other input 
node of the OR circuit in response to the fact that the pulse 
Signal is once issued from delayed pulse producing circuit 
6200 in Such a State that the precharge command is desig 
nated and the PC write signal is activated, a shift circuit 6300 
which receives write clock signal WCLK0, and shifts the 
same by predetermined clocks, and a switching circuit 6400 
which is controlled by delayed pulse producing circuit 6200, 
and selects the output of shift circuit 6300 or the output of 
delayed pulse producing circuit 6200 for outputting the 
selected output as signal WCLK1. 
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In the example shown in FIG. 25, address latch circuit 

4100 includes an address latch 4100a for holding the address 
used in the immediately preceding write operation and a 
latch circuit 4100b for holding the bank address used in the 
immediately preceding write operation, Similarly to the 
example shown in FIG. 17. Comparator circuit 4110 com 
pares the outputs of address latch 4100a and latch circuit 
4100b with the designated read address for activating either 
a hit signal HIT or a mis-hit signal MISS. 
When signal HIT is activated, the data which is already 

transferred to the register in the output portion from the 
register in the input portion is issued to the data I/O terminal, 
Similarly to the operation already described with reference to 
FIG. 17, and at the same time, the array operation itself is 
deactivated. Deactivation of the array operation means that 
the data already read from the memory cell array to receivers 
2142 and 2143 is not transmitted to registers 2146 and 2148 
for reading. 
When signal MISS is activated, the usual operation of 

reading data from the memory cell array is performed. 
The address and the bank address, which were used in the 

last write operation and are held in latch circuits 4100a and 
4100b, are used as the addresses for the write operation in 
the delayed write operation, as will be described later. 

FIG. 26 is a Schematic block diagram for showing more 
Specifically the Structure of delayed pulse producing circuit 
6200. 

Delayed pulse producing circuit 6200 includes an inverter 
6500 which receives a delayed flag DLF from delayed flag 
producing circuit 6020, a pulse producing circuit 6510 
which receives the PC Write Signal, and produces a pulse 
signal, an OR circuit 6520 which receives the output of pulse 
producing circuit 6510 and signal WCLK0, an AND circuit 
6530 which receives the outputs of OR circuit 6520 and 
inverter 6500, and a counter 6540 which counts the times of 
activation of clock signal WCLK1 until the last clock of the 
burst operation by one clock is activated (and thus stops the 
counting after the clock signal preceding the above last 
clock by one clock is activated). 

Counter 6540 is reset in response to activation of delayed 
flag DLF, and Sets the output Signal in response to ending of 
the counting operation. Switching circuit 6400 issues the 
signal, which is sent from AND circuit 6530, as signal 
WCLK1 in response to the set state of the output of counter 
6540, and issues the signal, which is sent from shift circuit 
6300, as signal WCLK1 in response to the reset state (“L” 
level) of the signal sent from counter 6540. 
Owing to the above structure, when signal POR pulse is 

activated in response to power-on, the output of flip-flop 
circuit 6020, i.e., delayed flag. DLF is reset to “L” level. 

Switching circuit 6400 has been set to the side for issuing 
the output of shift circuit 6300 as signal WCLK1 

In the case where the write operation Starts, and the burst 
writing of the write data of 8 bits is completed in a period 
of, e.g., 4 clocks, the output signal of counter 6540 attains 
the Set State when the operation for three clockS is 
completed, and Switching circuit 6400 is Switched to the side 
for issuing the output of AND circuit 6530 as signal 
WCLK1. 
At this point of time, delayed flag DLF is at “L” level, and 

the output of inverter 6500 is at “H” level. However, clock 
pulses corresponding to four clocks are already applied as 
signal WCLK0 to delayed pulse producing circuit 6200. 
Therefore the write clock WCLK1 will not be issued until 
signal WCLKO or signal PC write becomes active. 
When signal WCLK0 or PC WRITE is activated subse 

quently to the above State, the write clock is produced, and 
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the data to be written in the last clock of the burst operation 
is written into the currently corresponding memory cell 
array in accordance with the write clock thus produced and 
the address signal held in address latch 4100. 

FIG. 27 is a timing chart for showing the operations in 
Such a case that, in the delayed write mode described above, 
the write operation is performed immediately after the last 
write operation, and the precharge operation will be per 
formed immediately after the same. 

At time to, activation of the SDRAM is instructed, and 
WRITE command is applied in Subsequent time t1. 

At time t3 after two clocks from time t1, the data is written 
into the memory cell array in response to write clock 
WCLK1. However, the data is actually written into the 
memory cell array for a period of three clockS Starting at 
times t3, tA and t5, respectively. In this state, therefore, only 
Six data are written through one data I/O terminal into the 
memory cell array. 
At Subsequent time t6 after five clocks from time t1, 

WRITE command for instructing the write operation is 
applied again. In response to this, write clock converting 
circuit 6000 is supplied with write clock signal WCLK0 
again. 
At this point of time, Switching circuit 6400 is in the state 

for receiving the output from AND circuit 6500. Therefore, 
signal WCLK1 is activated in response to signal WCLKO 
activated at time tT, and the data of last two bits in the last 
cycle is written. 

In response to the activation of signal WCLK1, the 
delayed flag attains the active level so that counter 6540 is 
reset, and Switching circuit 6400 is Switched to the side for 
outputting the output of shift circuit 6300 as signal WCLK1. 

Data of 8 bits is applied in accordance with the write 
operation which is designated at time 6. Data of 6 bits among 
the data thus applied is written into the corresponding 
memory cells in response to activation of write clock signal 
WCLK1 at times t8, t9 and t10. In this case, the data of last 
two bits likewise remains in write register circuits 2154 and 
2156 without being written. 
At Subsequent time t12, precharge command PC is 

applied for instructing the precharge operation. In response 
to this, write clock converting circuit 6000 issues signal 
WCLK1 for one clock, and thereby the data of last two bits 
is written. 

Therefore, the Structure using write clock converting 
circuit 6000 already described with reference to FIG. 25 can 
operate normally even when WRITE command instructing 
the write operation is applied after five clocks from issuance 
of WRITE command. 

FIG. 28 is a timing chart showing the operations of the 
structure which uses write clock converting circuit 6000 
already described with reference to FIG. 25, and particularly 
the operations in the case where the writing, reading, writing 
and precharging are continuously performed. 

Activation of the SDRAM is instructed at time t). WRITE 
command is applied at time t1, and data writing is performed 
for a period from time t2 to time t3. These operations are the 
same as those in FIG. 27. 

In the example shown in FIG. 28, however, READ 
command for instructing the read operation is applied at 
time té. In this case, main I/O line pair M-I/O and global I/O 
line pair G-I/O are not used for the write operation at time 
t6 after five clocks from time t1. Therefore, READ com 
mand can be applied at time té. 
At time t8, i.e., when two clocks designated by CAS 

latency elapses after time t6, the read operation starts, and 
data of eight bits will be output. 
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At time t11, WRITE command is applied, and the remain 

ing data of two bits which was not written for a period from 
time t3 to time té is written in response to signal WCLKO 
which is generated at time t12. 

For a subsequent period from time t13 to time t16, data of 
six bits in data of eight bits is written. 
The data of last two bits in the data of eight bits is written 

in the Selected memory cells when precharge command PC 
is applied at time t17. 
Owing to the above Structure, the read operation can be 

performed in an intended manner immediately after the 
write operation in the case where the write latency is present, 
and more Specifically, can be performed in Such a manner 
that the number of clocks between application of WRITE 
command and Subsequent application of READ command is 
similar to the number of clocks in the case where the write 
operation is performed Subsequently to the last write opera 
tion. 

This allows reduction in time required for transferring the 
data between the memory controller and the SDRAM. 

FIG. 29 is a timing chart showing operations of Switches 
1a–2d for writing the data to write registers 2154 and 2156 
shown in FIG. 17 as well as operations of Switches 1W-2Z 
for applying the data from registers 2154 and 2156 to the 
memory cell array. 
At time t0, ACT command is applied, and WRITE com 

mand is applied at time t1. Switch circuits 1a–2d are 
alternately turned on in accordance with the clock signals, 
which are alternately activated in response to the edges of 
activation and deactivation of Signal QS Starting from time 
t2. Thereby, the continuously applied data of eight bits is 
stored in write registers 2154 and 2156. Also, at and after 
time t3, Switch circuits 1 w–2y, which can switch the data 
output from register circuits 2154 and 2156 to the memory 
cell Side, are activated in response to write clock signal 
WCLK1 in Such a manner that Switch circuits 1 w and 2ware 
Simultaneously activated, Switch circuits 1.x and 2x are 
Simultaneously activated and Switch circuits 1y 2y are Simul 
taneously activated. Thereby, the data is written in parallel 
into the memory cell array. 
At time t12, Switch circuits 12 and 22 are simultaneously 

activated in response to the activation of clock signal. 
Thereby, the remaining data OF two bits is written into the 
memory cell array. 
At and after time t12, Switch circuits 1a and 2a are 

alternately turned on So that the data is written into register 
circuits 2154 and 2156. 

Thereafter, writing of data of six bits is performed simi 
larly to the operation between times t2 and té. 
At time t17, precharge command PC is applied. Thereby, 

the clock Signals which can turn on Switch circuits 12 and 22, 
respectively, are Simultaneously activated So that the 
remaining data of two bits is written. 
By performing the delayed write operation as described 

above, the DDR-SDRAM operating with the double data 
rate can reduce the time margin between the application of 
the write command and the Subsequent application of the 
read command, even if the read operation is performed 
immediately after the write operation. Therefore, fast read 
ing and fast writing of the data can be performed. 

Although this embodiment has been described in connec 
tion with the DDR-SDRAM operation mode, the invention 
is not restricted to this, and can be likewise applied to other 
forms of chip. One of distinctive features of the invention is 
that the write data is transmitted to the memory cell array 
during a period not impeding the data read cycles. 

In the above embodiment, the delayed write operation is 
performed when the next write command and the precharge 



US 6,618,319 B2 
37 

command are applied. Other commands may be allocated 
for the delayed write operation. Further, a cycle in which no 
command is input and no internal operation is executed may 
be detected on the chip Side, and the delayed write operation 
may be performed in this detected cycle. 

In this embodiment, the delayed write is executed in the 
cycle following the write command if it is to be performed 
in response to the input of next write command. However, 
the delayed write can be executed in the Same cycle as the 
input of write command. 
Embodiment 4 
An embodiment 4 will now be described below. The 

following description is given on another example of the 
Structure of the Synchronous Semiconductor memory device, 
in which the operation can be switchable between the 
SDR-SDRAM operation mode and the DDR-SDRAM 
operation mode. 

FIG.30 conceptually shows an example of a first structure 
of the data output portion of the Synchronous Semiconductor 
memory device allowing Switching between the SDR 
SDRAM and DDR-SDRAM. 
A memory array 2101 stores data of even addresses when 

the device operates as the DDR-SDRAM, and performs 
input/output of data for a certain data pin DQ(A) when the 
device operates as the SDR-SDRAM. 
A memory array 2102 stores data of odd addresses when 

the device operates as the DDR-SDRAM, and performs 
input/output of data for a data pin DQ(B) other than data pin 
DQ(A) corresponding to memory array 101. 

In the DDR-SDRAM operation mode, Switch circuit 2103 
selectively connects memory arrays 101 and 102 to data I/O 
pins DQ(A) and DQ(B) under control by the output control 
circuit. In the SDR-SDRAM operation mode, Switch circuit 
2103 is fixed to achieve a predetermined connection rela 
tionship between the data I/O pins and the memory array. 

In one acceSS operation, both memory arrayS 2101 and 
2102 are accessed, and the read data is Sent through the data 
bus and is held in the output registers. The output registers 
are Set by a Select circuit to a State for Sending the outputs 
to one external pad in the case of the DDR-SDRAM, but are 
fixed in the State for Sending the outputs to independent data 
I/O pads DQ(A) and DQ(B), respectively. 

Although the output portion has been described, a similar 
Structure may be employed in the input portion So that 
Switch circuits can Similarly Select the connection relation 
ships between the DQ pads, input registers and memory 
arrayS. 
The Structures described above can provide on the same 

chip the Synchronous Semiconductor memory device, in 
which both the DDR-SDRAM operation mode and the 
SDR-SDRAM operation mode are allowed using the com 
mon Structures for the arrays, data buses and I/O portions. 

FIG. 31 conceptually shows another embodiment of the 
data output portion. 

In FIG. 31, a memory array 2104 is assigned even 
addresses in the case of the DDR-SDRAM operation mode, 
but is assigned a certain column address CACX) in the case 
of the SDR-SDRAM operation mode. 

Further, a memory array 2105 is assigned odd addresses 
in the case of the DDR-SDRAM operation mode, but is 
assigned a column address /CA(X) in the case of the 
SDR-SDRAM operation mode. In one read operation, one of 
memory arrays 2104 and 2105 is accessed, and the read data 
is Sent through the data bus and is held in the output register. 
In the DDR-SDRAM operation mode, a selector Switch 
2106 selects the transmission path depending on whether the 
address is an even address or an odd address. In the 
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SDR-SDRAM operation mode, it selects the path in accor 
dance with column address CA(X). 

Although the Structure of the data output portion has been 
described, the data input portion differs from the above data 
output portion only in that the data flows in the reverse 
direction between the DQ pads, input registers and memory 
arrays, and therefore can employ a similar structure. 
The Structure described above can provide on the same 

chip the Synchronous Semiconductor memory device, in 
which the DDR-SDRAM operation mode and the SDR 
SDRAM operation mode are Switchable for operation using 
the common Structures for the arrays, data buses and I/O 
portions. 

FIG. 32 conceptually shows further another structure of 
the data I/O portion. 

Referring to FIG. 32, a memory array 2107 is assigned 
even addresses in both the DDR-SDRAM and SDR 
SDRAM operation modes. A memory array 2108 is assigned 
odd addresses in both the DDR-SDRAM and SDR-SDRAM 
operation mode. 

In the DDR-SDRAM operation mode, a selector 2110 in 
the output portion changes its State in response to the rising 
and falling of the external clock. In the SDR-SDRAM 
operation mode, however, Selector 2110 changes its State 
only in response to the rising of the external clock. 

In the one access operation, both memory arrays 2107 and 
2108 are accessed, and the data is Sent through the data bus, 
and is held in the output registers. 

In the case of the SDR-SDRAM operation mode, the 
memory arrays are accessed one time at every two clockS. 

Although the Structure of the data output portion has been 
described, the data input portion differs from the data output 
portion only in that the data flows in the reverse direction, 
and therefore can employ a similar Structure for the rela 
tionships between the DQ pads, input registers and memory 
arrayS. 
The Structure described above can provide on the same 

chip the Synchronous Semiconductor memory device, in 
which the DDR-SDRAM operation mode and the SDR 
SDRAM operation mode are Switchable for operation using 
the common Structures for the arrays, data buses and I/O 
portions. 

FIG. 33 conceptually shows a structure for Switching the 
mode register Signal which Sets the burst length. 

In the DDR-SDRAM operation mode, two data are input/ 
output in one clock because of the double data rate. From the 
Viewpoint of the internal processing of the Synchronous 
Semiconductor memory device, therefore, the burst length in 
the SDR-SDRAM operation mode corresponds to half the 
burst rate in the DDR-SDRAM operation mode. 

For achieving the SDR-SDRAM operation mode and the 
DDR-SDRAM operation mode by Switching the operation 
mode in the same chip, therefore, Such as Structure shown in 
FIG. 33 is employed that a selector group 2160 makes 
Switching between the internal Signal representing the burst 
length and the decode signal of a mode register 2150. In 
FIG. 33, a signal BL is the decoded signal of mode register 
2150, and is transmitted to the internal circuit of the syn 
chronous Semiconductor memory device as it is when the 
operation is in the DDR-SDRAM operation mode. 
A signal BL' is an internal signal in the SDR-SDRAM 

operation mode. 
Owing to the above Structure, the internal Signals, which 

represent the burst lengths and differ from each other 
depending on the DDR-SDRAM and SDR-SDRAM opera 
tion modes, can be Switched by a simple Structure on the 
Same chip. 
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FIG. 34 is a Schematic block diagram showing a structure 
of a column address counter in a Synchronous Semiconduc 
tor memory device based on the same conception shown in 
FIG. 31. 

Each Switch shown in FIG. 34 is in a state for the 
DDR-SDRAM operation mode. 

Referring to FIG. 34, an externally applied address Signal 
is held in an address latch circuit 2201, and the address 
Signal except for the lower one bit is sent from address latch 
circuit 2201 to an address counter 2203 for the memory 
array corresponding to the even addresses and an address 
counter 2204 for the memory array corresponding to the odd 
address, when the operation is in the DDR-SDRAM opera 
tion mode. 
When the address Signal passes through an address con 

verting circuit 2202 toward address counter 2203, it is 
converted depending on whether the Start address is even or 
odd. 

The address counter performs the address counting two 
bits at a time in accordance with the Sequential mode and the 
interleave mode. 

The counted address is sent to the predecoder of each 
memory array. At this time, the lowest bit of the column 
address is held in a latch circuit 2205 for utilizing the same 
in Switching between the data I/O portions. 

In the SDR-SDRAM operation mode, all the latched 
addresses are Sent to address counter 2204. Address counter 
2204 counts the addresses, and the address signal thus 
generated are sent to column predecoders 2206 and 2207. In 
this structure, Switching between memory arrays 2104 and 
2105 shown in FIG. 31 is performed based on a signal 
CA(3). Therefore, signal CA(3) forms a signal controlling 
the output of predecode signal to each memory array. 
More specifically, when signal CA(3) is at “H” level, the 

signal is sent to first column predecoder 2206. When signal 
CA(3) is at “L” level, the signal is sent to second column 
predecoder 2207. 

The operation of the memory array is performed based on 
the predecode Signal, and is not performed when the corre 
sponding predecode signal is not issued. Signal CA(3) is 
held in latch circuit 2205, and is also used for control of 
input/output. 

Since address counter 2204 is used in both the SDR 
SDRAM and DDR-SDRAM operation modes, the counter 
of the bit number meeting the specifications of the SDR 
SDRAM is required. 

In the above structure, the burst length of 8 is the 
maximum, and the three-bit counter is employed. In the case 
where the full-page mode for accessing all the addresses is 
employed, the Structure requires a counter or the bit number 
which allows counting of all the addresses. 

Since address counter 2205 is used only in the case of the 
DDR-SDRAM, it is formed of only a two-bit counter which 
can change only the addresses of the Second and third bits. 

According to the above Structure, data is read from both 
the memory arrays relating to column decoderS 2206 and 
2207. 

For example, the data is read from both the array relating 
to the even addresses and the array relating to the odd 
addresses. In the DDR-SDRAM operation mode, therefore, 
signal CA(0) is latched as the signal for DQ-selection 
between the data read from the even address array and the 
data read from the odd addresses array. 

In the SDR-SDRAM operation mode, signal CA(0) is 
used as the minimum bit of the burst address. Further, the 
column decoder corresponding to the even array and the 
column decoder corresponding to the address array are 
operated without a distinction between them. If this manner 
were employed as it is, the data which is twice as larger in 
number as the required data would be issued in the SDR 
SDRAM operation mode. Therefore, signal CA3 is used for 

15 

25 

35 

40 

45 

50 

55 

60 

65 

40 
Selecting the array So that only the column decoder on one 
Side can operate. 

Signal BL indicating the burst length is Supplied to a burst 
monitor circuit. When the cycles corresponding to the burst 
length are completed, a burst end Signal is issued to reset the 
address counter. 

In the DDR-SDRAM operation mode, burst of 2 bits is 
performed in one cycle of the normal clock So that a signal 
is issued to perform the burst with half the cycle number in 
the SDR mode. 
FIG.35 is a schematic block diagram showing a structure 

of an I/O portion 8000, which allows Switching between the 
DDR-SDRAM and SDR-SDRAM operation modes for the 
operation using the foregoing architecture shown in FIG. 31. 
FIG. 35 is comparable to FIG. 9 showing I/O portion 2000 
of the embodiment 1. 

In the embodiment 1 described before, selection between 
registers 2154 and 2156 for input depends on resume bit 
CA(0) in the column address signal. In this embodiment, 
however, the selection depends on signal CA(3) of the fourth 
bit from resuming of the column address Signal as will be 
apparent from the following description. Except for this 
difference, the structure of this embodiment is basically the 
same as that of data I/O portion 2000 shown in FIG. 10. 

Referring to FIG. 35, when the device operates as the 
DDR-SDRAM, the externally applied data is temporarily 
held in input registers 2154 and 2156 depending on the 
rising and falling of the DOS clock, respectively. A shift 
register 2180 in this embodiment issues a signal which 
Selects the latch circuit for the data input operation in 
register 2154 or 2156. 

After the predetermined latency, data is issued from input 
registers 2154 and 2156 onto the data bus in synchronization 
with write clock signal WCLK. In this case, the latency 
changes depending on the value Set in the mode register, and 
corresponds, e.g., to two clockS. 
A shift register 304 in this embodiment is a shift register 

circuit which produces a signal for Selecting input register 
2154 or 2156, which is to be operated to issue data from its 
latch circuit. 
A shift register circuit 2190 is a circuit producing a signal 

for controlling Switch circuits 2192 and 2194, which are 
provided for changing the connections of registerS 2154 and 
216 to the data bus, depending on whether the array Signal 
is even or odd. 

In the SDR-SDRAM operation mode, the externally Sup 
plied signal is sent to register circuit 2154 or 2156, which is 
Selected in accordance with column address signal CA(3). 
More specifically, input register 2154 or 2156 for receiving 
the signal is selected in accordance with CA(3) clock Sent 
through switch circuit 2132 and inverted signal /CA(3) of 
column address signal CA(3) sent through Switch circuit 
2134. 

Output of data from input registers 2154 and 2156 is 
performed in accordance with column address signal CA(3). 
More specifically, register circuit 2154 or 2156 which 

issues the data is selected in accordance with Signals CA(3) 
and /CA(3) sent through switch circuits 2136 and 2138. 

In the SDR-SDRAM operation mode, Switch circuits 
2192 and 2.194 are fixed at the predetermined connection 
states, respectively. More specifically, Switch circuit 2192 is 
Set to the Side of the data bus connected to the memory cell 
portion corresponding to Signal CA(3), and Switch circuit 
2194 is set to the side of the data bus connected to the 
memory cell portion designated by Signal /CA(3). 

According to the above structure of data I/O portion 8000 
shown in FIG. 35, the synchronous semiconductor memory 
device allowing both the DDR-SDRAM and SDR-SDRAM 
operation modes can be achieved on the same chip. 

FIG. 36 is a Schematic block diagram showing a structure 
of a data output portion 8400 provided for the structure 
shown in FIG. 35. 
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Data output portion 8400 shown in FIG. 36 can likewise 
Select the data for output in accordance with column address 
signal CA(3). 

In the DDR-SDRAM operation mode, the signal sent 
from the memory array through the data bus to data output 
portion 8400 is temporarily held in output registers 2146 and 
2148 in synchronization with the read clock signal. The 
output data held therein is output in Synchronization with the 
internally produced clock after the CAS latency already Set. 
This internally produced clock signal is Set, e.g., Such that a 
difference between the DO clock and the external clock 
meets the Specifications, and is produced by a clock guar 
antee circuit (not shown). 

In the example shown in FIG. 36, a synchronous mirror 
delay circuit produces clock Signals, which are Synchronized 
with the rising and falling edges of the external clock, 
respectively, and are independent of each other, and these 
signals are applied as signals SMD-even and SMD-odd, 
respectively. 
More specifically, in accordance with the internal clock 

Signal, shift register 2164 shifts the data therein. In accor 
dance with this, Selection is made between output register 
2146 or 2148 which outputs the data from its latch circuit. 
The signal sent from shift register 2164 is applied to the data 
I/O buffer in accordance with the timing controlled by 
foregoing signals SDM-even and SMD-odd, which are input 
in accordance with the timing controlled by a CAS latency 
counter 2188. 

In the SDR-SDRAM operation mode, the memory array 
is connected to one of output registers 2146 and 2148 
Selected in accordance with the value of Signal CA(3). In the 
operation of outputting the data from output registers 2146 
and 2148, one of output registers 2146 and 2148 is likewise 
Selected in accordance with Signal CA(3), and is connected 
to the I/O terminal of data. In accordance with the CAS 
latency already set, CAS latency counter 2188 sets the 
timing, according to which signals CA(3) and /CA(3) are 
applied to the data output portions of registerS 2146 and 
2148, respectively, So that timing of data output is con 
trolled. 
Owing to the above Structure, the data output portion 

having the Structures for different operation modes, i.e., the 
DDR-SDRAM and SDR-SDRAM operation modes can be 
achieved on the same chip. 

FIG. 37 is a schematic block diagram showing a structure 
of a mask clock control circuit 8600. 

Switches shown in FIG. 37 are in the states which are 
selected for the DDR-SDRAM operation. 

In the DDR-SDRAM operation mode, the mask clock is 
issued only during the write operation, and the masking is 
not performed during the read operation. 
When the mask clock is input, a logical AND is performed 

between the write flag, which indicates that the write opera 
tion is being performed, and the mask Signal, and the result 
is temporarily held in a shift register 8601. After the data is 
shifted by the clocks corresponding to the latency in the 
write operation, Switch circuit 8610 is controlled to interrupt 
the transmission of the predecode Signal to the memory 
array in accordance with the data Sent from shift register 
8601. 

The signal sent from shift register 8601 controls a Switch 
circuit 8612 to interrupt the connection between the data I/O 
portion and the data bus. Since transmission of the prede 
code signal to the memory array is interrupted, the operation 
of memory array stops. 
At the same time, the data is also sent from shift register 

8601 to the memory array portion. Therefore, when the 
predecode Signal cannot be interrupted at or before the 
intended time, the output signal sent from shift register 8601 
to the memory array Stops the operation of writing data from 
the data bus to the memory array. In either case, the device 
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Stops the operation of writing the data, which is transmitted 
through the data bus, into the memory array. 

Since the connections of the data bus to DO blocks 8000 
and 8400 are interrupted, it is not necessary to charge and 
discharge the data bus So that the power consumption can be 
reduced. 

In the SDR-SDRAM operation mode, since the mask in 
the write operation does not include the latency, a connec 
tion state of a Switch 8614 is changed so that the predecode 
Signal can be turned off without passing through shift 
register 8601. 

In accordance with the mask Signal Sent from Switch 
8614, transmission of the predecode Signal to the memory 
array is interrupted for Stopping the write operation in the 
memory array, and Switch circuit 8612 interrupts the con 
nection of the data bus to DQ portions 8000 and 8400. 

In the SDR-SDRAM operation mode, the mask clock is 
also applied to the read operation. Therefore, a logical AND 
is performed between the read signal and the mask clock. 
Based on the Signal representing the result, Switch circuit 
8610 interrupts the transmission of the predecode signal to 
Stop the output from the memory array, Similarly to the write 
operation, or Switch circuit 8612 interrupts the connection 
between the DO block and the data bus. 
The output data must be kept in the interrupted State. 

Therefore, the value of logical AND between the mask clock 
Signal and the read signal is temporarily latched in Shift 
register 8602, and will be issued therefrom with a delay by 
clocks corresponding to the latency in the read operation. 
This output from shift register 8602 is applied to a Switch 
circuit 8608 through switch circuit 8604 and an inverter 
8606 for interrupting the connection of DQ blocks 8000 and 
8400 to data I/O terminal DO. 
The value of the latency in this State is Set, e.g., by the 

mode register, and corresponds to, e.g., two clockS. 
In FIG. 37, shift register 8601 has the structure in which 

only one set of latencies is determined. However, a structure 
allowing Selection from Several values of latency can be 
employed as shown in FIG. 16. 

According to the above Structure, it is possible to provide 
the Synchronous Semiconductor memory device allowing 
switching between the DDR-SDRAM and SDR-SDRAM 
operation modes, which employ different data masking 
manners, respectively, on the same chip. 
Embodiment 5 
In the foregoing embodiment 4 shown in FIG. 37, the 

write mask clock controls Supply of the predecode signal to 
the memory array, e.g., in the DDR-SDRAM operation 
mode. In View of a margin of the control operation time in 
the above operation, it is desired that the phase of write mask 
clock MSCLK precedes the phase of write clock WCLK1 
controlling the write operation to a certain extent. 
FIG.38 is a schematic block diagram showing a structure 

of a write clock control signal 7000, which is controlled in 
accordance with the timing of the same reference write clock 
WCLK0, and thereby produces write clock WCLK1 and 
mask clock MSCLK which has the phase preceding write 
clock WCLK1. 

Write clock control circuit 7000 includes an OR circuit 
7002 which receives on one of its inputs an access instruct 
ing Signal MD-CALT produced in accordance with an 
externally supplied control signal, an inverter circuit 7004 
which receive signal WCLK0, and issues clock signal 
MD-CCLKLT, an NOR circuit 7006 which receives on one 
and the other of its inputs a signal MD-CALT and a reset 
Signal RST0, respectively, and issues a reset Signal RST, a 
shift circuit 7100 which is controlled by clock signal 
MD-CCLKLT and reset signal RST, and shifts the output 
signal of NOR circuit 7002, a first timing control circuit 
7300 which issues clock signal MD-CCLKLT in accordance 
with the output of shift circuit 7200, an NAND circuit 7510 
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which receives the output of first timing control circuit 7300, 
and issueS Signal WCLK1, a Second timing control circuit 
7400 which delays clock signal MD-CCLKLT by a prede 
termined time, and issues the same in accordance with the 
output of shift circuit 7100, and an NAND circuit 7510 
which receives the output of Second timing control circuit 
7400 and write flag WFLAG, and issues signal WCLK1. 

FIG. 39 is a circuit diagram showing a structure of shift 
circuit 7100 shown in FIG. 38. 

Shift circuit 7100 includes an inverter 7102 receiving 
clock signal MD-CCLKLT, a clocked inverter 7104 which 
receives, as a signal CTINO, the output of NOR circuit 7002, 
and is controlled by clock signal MD-CCLKLT and the 
output of inverter 7102, the output of clocked inverter 7104, 
an NOR circuit 7106 which receives on one and the other of 
its inputs the output of clocked inverter 7104 and reset signal 
RST0, respectively, a clocked inverter 7108 which receives 
the output of NOR circuit 7106, is controlled by clock signal 
MD-CCLKLT and the output of inverter 7102, and sends its 
output to the one of input nodes of NOR circuit 7106, a 
clocked inverter 7110 which receives the output of NOR 
circuit 7106, and is controlled by clock signal MD-CCLKLT 
and the output of inverter 7102, an NOR circuit 7112 which 
receives on one and the other of its inputs the output of 
clocked inverter 7110 and reset signal RST0, respectively, 
and issues a signal CTOUT0, and an inverter 7114 which 
receives the output of NOR circuit 7112, and sends its output 
to the one of inputs of NOR circuit 7112 under the control 
by clock signal MD-CCLKLT and the output of inverter 
7102. 

The structure of shift circuit 7200 is similar to that of shift 
circuit 7100 except for signals received thereby, and there 
fore will not be described below. 

FIG. 40 is a circuit diagram showing a structure of first 
timing control circuit 7300 shown in FIG. 38. 

First timing control circuit 7300 includes an inverter 7302 
receiving clock signal MD-CCLKLT, a clocked inverter 
7304 which receives an output signal CTOUT1 of shift 
circuit 7200, and is controlled by clock signal MD-CCLKLT 
and the output of inverter 7302, an NOR circuit 7306 which 
receives on one and the other of its inputs the output of 
clocked inverter 7304 and reset signal RST, respectively, a 
clocked inverter 7308 which receives the output of NOR 
circuit 7306, and sends its output to the one of inputs of 
NOR circuit 7306 under the control by clock signal 
MD-CCLKLT and the output of inverter 7302, an NAND 
circuit 7310 which receives clock signal MD-CCLKLT on 
one of its input, and also receives the output of NOR circuit 
7366 on the other input, and an inverter 7312 which receives 
the output of NAND circuit 7310, and applies an inverted 
signal thereof to NAND circuit 7510. 

FIG. 41 is a circuit diagram showing a structure of Second 
timing control circuit 7400 shown in FIG. 38. 

Second timing control circuit 7400 includes an inverter 
7402 receiving clock signal MD-CCLKLT, a clocked 
inverter 7404 which receives output signal CTOUTO of shift 
circuit 7100, and is controlled by clock signal MD-CCLKLT 
and the output of inverter 7402, an NOR circuit 7406 which 
receives on one and the other of its inputs the output of 
clocked inverter 74.04 and reset signal RST, respectively, a 
clocked inverter 7408 which receives the output of NOR 
circuit 7406, and sends its output to the one of inputs of 
NOR circuit 7406 under the control by clock signal 
MD-CCLKLT and the output of inverter 7402, an NAND 
circuit 7410 which receives clock signal MD-CCLKLT on 
one of its input, and also receives the output of NOR circuit 
7406 on the other input, and seven inverters 7412-7424 
connected in series such that an output signal MDTR of 
NAND circuit 7410 is received by first internal voltage 
7412, is successively inverted by the following inverters, 
and is supplied to an NAND circuit 7500 from last inverter 
7424. 
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FIG. 42 is a timing chart showing the operation of write 

clock control circuit 7000 shown in FIG. 38. 
Before time t0 in FIG. 42, signal RSTO was active (at “H” 

level) and thereby reset the outputs of NOR circuits 7106 
and 7112 in shift circuit 7100. At time to, signal RST0 is at 
“L” level. Signal MD-CALT is inactive (at “L” level) at time 
t0. In response to this, the output of NOR circuit 7006 attains 
“H” level, and shift circuit 7200 as well as first and second 
timing control circuits 7300 and 7400 are reset. 
More specifically, in first timing control circuit 7300, the 

output level of NOR circuit 7306 is reset to “L” level, and 
thereby the output level of NAND circuit 7310 is reset to 
“H” level. Thereby, the output level of NAND circuit 7510 
is reset to “H” level. 

In second timing control circuit 7400 the output level of 
NOR circuit 7406 is reset to “L” level, and thereby the 
output level of NAND circuit 7410 is reset to “H” level. 
Thereby, the output level of NAND circuit 7500 is reset to 
“H” level. 
At time t1, write flag WFLAG becomes active (“H” 

level), and signal MD-CALT also becomes active (“H” 
level). In response to this, reset signal RST of the output of 
NOR circuit 7006 attains “L” level. On the other hand, the 
output of OR circuit 7002 attains “H” level, and the output 
signal of inverter 7004, i.e., clock signal MD-CCLKLT 
attains “H” level. Thereby, the output of clocked inverter 
7104 in shift circuit 7100 attains “L” level, and the output of 
NOR circuit 7106 attains “H” level. However, clocked 
inverter 7110 is inactive. Therefore, the input level of NOR 
circuit 7112 does not change even when the output level of 
NOR circuit 7106 changes. 
At time t2, clock signal WCLK0 attains “H” level, and 

clock signal MD-CCLKLT attains “L” level. In response to 
this, clocked inverter 7110 in shift circuit 7100 becomes 
active, and the output of NOR circuit 7112, i.e., signal 
CTOUT0 attains “H” level. In response to signal CTOUT0, 
the output of clocked inverter 7404 in second timing control 
circuit 7400 attains “L” level, and the output of NOR circuit 
7406, which was reset to “L” level at time t0, is set to “H” 
level. At this point of time, the output of NAND circuit 7410 
is at “L level. 
At time t3, signal WCLKO changes to “L” level. In 

response to this, signal MDTR, i.e., the output of NAND 
circuit 7410 in second timing control circuit 7400 attains 
“H” level. In response to this, mask clock signal MSCLK 
attains “L” level at time ta. Thereafter, an inverted signal of 
clock signal MD-CCLKLT is issued as signal MDTR, and 
mask clock signal MSCLK is issued while write flag 
WFLAG is active. 
The number of inverters 7412-7424 is determined Such 

that the phase of mask clock signal MSCLK precedes the 
phase of clock signal WCLK1, e.g., by 0.5 clocks. 
At time tS when clock signal WCLKO attains “L” level, 

the output of inverter 7312 changes to “H” level in response 
to the fact that the output level of NOR circuit 7306 in first 
timing control circuit 7300 is at “H” level. In response to this 
change, write clock signal WCLK1 which is the output of 
NAND circuit 7510 attains “L' level. 

Thereafter, write clock signal WCLK1 is issued in accor 
dance with clock signal MD-CCLKLT, i.e., signal WCLKO 
while write flag WFLG is active. Owing to the above 
Structure, it is possible to produce mask clock signal 
MSCLK having the phase preceding that of clock signal 
WCLK1 controlling the write operation. 
By using mask clock signal MSCLK described above, 

more reliable write mask operation can be ensured, e.g., in 
the DDR-SDRAM operation. 
Embodiment 6 
A following Structure may be employed for operation in 

the mode Switchable between the SDR-SDRAM and DDR 
SDRAM operation modes. 
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FIG. 43 shows a structure of an SDRAM which can 
operate in the Switchable operation mode. 

It is assumed that one data I/O terminal DQ0 corresponds 
to two banks BAO and BA1. It is also assumed that the data 
read from bank BAO is held in a latch circuit LCKT0, and 
the data read from bank BA1 is held in a latch circuit 
LCKT1. 
The data held in latch circuits LCKTO and LCKT1 is 

selectively applied to data output buffer DOB by a selector 
circuit SCKT, which is controlled by a controller CCKT, and 
is sent from data output buffer DOB to corresponding data 
I/O terminal DOO. The structure shown in FIG. 43 is 
provided for each of the plurality of data I/O terminals. 

Each of latch circuits LCKTO and LCKT1 has a capacity 
of, e.g., 4 bits. By one Select operation, therefore, data of 4x2 
bits is read from memory cells of (4+4) in number selected 
by column decoders CD0 and CD1 which are provided 
correspondingly to banks BAO and BA1, respectively. 

The whole operation of the SDRAM is controlled by a 
control circuit TCCKT 

FIG. 44 is a timing chart showing the operation of the 
SDRAM shown in FIG. 43. 
At time to, the read command is applied. Since the latency 

in the read operation is 2, the data output starts at time t2. 
In this case, data is read from each of banks BAO and BA1 

at time t1. 
In the DDR-SDRAM operation mode, controller CCKT 

operates in Synchronization with the activation edges of 
complementary clock signals CLK0 and /CLK0 and there 
fore with double the frequency of the clock signal, and 
controls select circuit SCKT to select alternately the data 
held in latch circuits LCKTO and LCKT1 in accordance with 
the order corresponding to address Signal Col. Add. 

In the SDR-SDRAM operation mode, controller CCKT 
operates in synchronization with the activation edge of one 
(i.e., clock signal CLKO) of complementary clock signals 
CLK0 and /CLKO and therefore with the same frequency as 
the clock signal, and controls the Select circuit SCKT to 
Select the data held in one of latch circuits LCKTO and 
LCKT1 in accordance with the bank Selected between two 
banks by address Signal Col. Add. 

FIG. 45 is a timing chart showing another operation 
control in the SDR-SDRAM operation mode of the SDRAM 
shown in FIG. 43. In the example shown in FIG. 44, the read 
data which will not be output is transmitted to one of latch 
circuits LCKTO and LCKT1, when the device operates as 
the SDR-SDRAM. However, transmission of the data, 
which will not be output, to the latch circuit consumes the 
power, and therefore is not preferable from the viewpoint of 
reduction in power consumption of the circuits. In the 
operation shown in FIG. 45, therefore, the column decoder 
CD0 or CD1 of the bank, which is not selected in accordance 
with the address signal, is not activated in the SDR-SDRAM 
operation mode. For example, Such a structure may be 
employed that control circuit TCCKT in FIG. 43 selectively 
activates column decoders CD0 and CD1 in accordance with 
address Signal Col. Add. 

FIG. 46 is a timing chart showing still another example of 
the timing of data output. According to the Structure for this 
operation, control circuit TCCKT internally produces an 
internal clock signal int.CLK0 having a phase slightly 
preceding clock signal CLK0, and select circuit SCKT 
controls data output buffer DOB so that the data is already 
sent to the data input terminal at the time of CAS latency of 
2. 

FIG. 47 is a timing chart showing yet another example of 
data output timing. According to the Structure for this 
operation, clock Signal /CLKO is used as the clock signal for 
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controlling select circuit SCKT within control circuit 
TCCKT, and data output starts at time t1' so that the data is 
already sent to the data input terminal at the time of CAS 
latency of 2. In this operation, a Signal OEM which activates 
data output buffer DOB is activated half a clock or more 
before time t2. 

Thus, the operation of reading the data from memory cells 
starts at time t1 in synchronization with clock signal CLK0, 
and the operation of outputting the data to the data I/O 
terminal Starts at time t1' in Synchronization with clock 
signal /CLK0. 
The above Structures can likewise allow the operation 

with the mode switchable between the SDR-SDRAM opera 
tion mode and the DDR-SDRAM operation mode. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A Semiconductor memory device comprising: 
a memory cell array having a plurality of memory cells 

arranged in rows and columns, 
a clock input circuit having clock input terminal for 

receiving an external clock Signal; 
a control circuit for controlling read/write operation tim 

ing of Said Semiconductor memory device by output 
ting a column Selection control Signal, Said control 
circuit Selecting one of delay periods and delaying 
activation of Said column Selection control signal by the 
Selected delay period from activation of write com 
mand; 

a column Select circuit, in response to Said column Selec 
tion control Signal, for Selecting one of memory cell 
columns according to an address signal; 

a gate circuit for transmitting data to/from the Selected 
memory cell column; 

a data input circuit for receiving write data to transmit Said 
write data to Said gate circuit, and 

a data output circuit for receiving data from Said gate 
circuit and outputting read data in Synchronization with 
an output of Said clock input circuit. 

2. The Semiconductor memory device according to claim 
1, wherein Said delay periods respectively correspond to 
multiples of a period of Said external clock Signal and 
multiples of half the period of Said external clock Signal. 

3. The Semiconductor memory device according to claim 
1, further comprising a mode register for holding informa 
tion on write delay, wherein 

Said control circuit Selects one of Said delay periods based 
on the information held in Said mode register. 

4. The Semiconductor memory device according to claim 
1, wherein 

Said memory cell array includes 
a plurality of bit lines respectively provided correspond 

ing to Said memory cell columns, and 
a plurality of data lines for transmitting data to/from Said 

bit lines, and 
Said gate circuit includes a transmission circuit for Selec 

tively connecting one of Said bit line to one of Said data 
line according to Said column Selection control Signal. 
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